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FOREWORD 


(U)  The  work  performed  under  this  project  is  in  response  to  requirements 
of  AFFTC  Project  3059,  Program  Structure  No.  750G,  BPSN  623059.  The 
approving  authority  is  Richard  C.  Miller,  2d  Lt,  USAF/RPMC,  AFFTC, 
Edwards  Air  Force  Base,  California, 

(C)  The  present  report  is  the  second  of  three  quarterly  reports  on  Con¬ 
tract  No.  AF  04(6 1 1 )- 108  12  uiider  which  United  Technology  Center  (LTTC  )  is 
conducting  a  program  to  continue  the  de\’'elopment  of  an  advanced  solid  pro¬ 
pellant  based  on  aluminum  hydride,  anrmonium  per cnlorate ,  ind  nitra.to- 
plasticizedpol^mster  and  having  a  theoretical  specific  impulse  (Isp)  iu  excess 
of  230  Ib-sec/lb  at  standard  conditj  jns. 

(U)  This  report  covers  experimental  work  conducted  at  UTC's  Sunnyvale, 
California,  rs, search  laboratories  and  at  UTC's  San  Jose,  California,  proc¬ 
essing  laboratories  during  the  period  of  1  August  1965  through  31  October 
1965.  The  following  professional  workers  made  signifu;ant  contributions 
to  progress  on  this  program: 


J. 

W. 

Allan 

R.  M. 

Kumagai 

p. 

L. 

Allen 

W.  E. 

Robertson 

J. 

D. 

Brea/,  ale 

R.  I. 

Sutton 

G,  J. 

Ca.saletto 

J.  K, 

West 

E. 

C. 

Francis 

(U)  This  report  contains  classified  information  extracted  from  ''Demon¬ 
stration  of  an  Advanced  Solid  Propellant  (U),"  Report  No.  AP'RPD-TR-65  -  195, 
August  1965. 

(U)  Publication  of  this  report  does  not  constitute  Air  Force  approval  of 
the  reports,  findings,  or  conclusions.  It  is  published  only  for  the  exchange 
and  stimulation  of  ideas. 

Richard  C.  Miller,  2d  Dt,  USAF/RPMC,  Project  Officer 
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ABSTRACT 

(U)  An  evaluation  of  surfactants  for  reducing  propellant  mix  viscosity  has 
re.i''Hedin  the  selection  of  Atlas  G -2684.  Particle  size  distribution  sti’dios 
have  led  to  the  use  of  a  50/50  coarse/fine  ammonium  perchlorate  (AP) 
grind  ratio  to  maximize  propellant  castability.  Processing  studies  have 
also  resulted  in  a  capability  of  proces.sing  propellant  at  the  23  vol  %  binder 
level  with  a  consequent  improvement  in  theoretical  performance  and  density, 

(C)  A  series  of  4-lb  motors  have  been  tested  containing  aluminuna  hydride/ 
aluminum  combinations  representing  tho  most  dense  for mul.ationa  with  a 
theoretical  performance  in  excess  of  280  sec  and  the  most  danse  formula¬ 
tion  with  a  theoretical  performance  in  excess  of  274  sec .  Propellant  U TP  6825 
has  a  theoretical  lap  of  280.  1  sec  and  a  Iheorct’ cal  density  of  0.0604  Ib/in? 
Propellant  U1  P  6826  lias  a  theoretical  i.tjp  of  275.  0  sec  and  a  tlusoretical 
density  of  0.  0627  Ib/in.^ 

(U)  A  study  to  determine  the  effect  cf  propellant  formu’ation  parameters 
on  burning  rates  has  been  essentially  completi!d.  An  end-burning  micro¬ 
motor  was  utilized  for  these  tests.  It  was  found  that  Die  oxidizer-to-fuel 
(O/F)  ratio,  AP  concentration,  and  AP  partich^  size  dis  tribulion  were  Die 
most  critical  parametei  s .  Binder  concentration  and  )>lusticizcr  level  were; 
found  to  be  less  significant. 

(C)  Efforts  to  minimize  the  handling  hazards  of  aluminum  hydride  by 
increasing  the  eiectricu.l  conductivity  of  the  jiartie.ies  h.ive  been  partially 
successful.  A  1%  coating  of  an  antistatic  agent  reduced  tho  electrical  resist¬ 
ance  of  a  1  in.  by  1  in.  by  1/4  in,  bed  of  particles  from  1000  megohin.s  for 
uncoated  hydride  to  40  to  70  megohms  for  the  treated  materi.ii. 

(C)  Propellant  density  studies  indicate  that  in  addition  to  Die  extensive 
drying  of  ingredients,  propelUmt  dens  ity  can  also  be  increased  by  sustained 
v.ib.ration  and  vacuum  applied  to  the  cast  propellant.  Surface  treatment  ol 
the  aluminum  hydride  vdth  quinont!s,  .ilizarin,  or  iilizarin  red  S  results  in 
substantial  improvements  in  propellant  density,  Testing  witli  tree-radical 
inhibitors  has  resulted  in  no  noticeable  improvements  in  propellant  densities  , 

(U)  The  most  promising  curative  systems  evaluated  to  date  are  MAPO/ 
EpoiiSiZ,  MAPO/ NTPB/Epon  8  12,  and  MAPO/TBM/Epon  812,  Pro|iellants 
containing  these  curative  systems  are  in  acciderated  storage.  Polyester.s 
of  increased  molecular  weight  ha vt;  been  te.v ted  ant' appear  to  yield  improved 
mechanic^ll  properties.  Utilization  of  a  molecular  still  for  stripping  inoi.s- 
ture  and  light  ends  from  the  HX  735  polymer  also  riisults  in  some  improve¬ 
ment  in  mechanical  properties, 
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I.  INTRODUCTION 


1.1  PROGRAM  SCOPE 

(C)  Under  Contract  No.  AF  04(6  1  1 ) -  1 08  1 2  with  the  Air  Force  Rocket  Pr  o¬ 
pulsion  l.aboratory,  Research  and  Technology  Division,  Edwards  Air  P'orce 
Base  (EAFB),  UTC  is  conducting  a  program  to  continue  the  development  ol 
an  advanced  solid  propellant  based  on  aluniiinuin  hydride,  ammonium  pem- 
chlorate,  and  nitrcto-plasticized  polye.ster  and  having  a  theoretical  specific 
impulse  in  exces.s  of  280  Ib-sec/lb  at  standard  conditions.  This  program 
continues  the  efforts  initiated  under  Contracts  No.  AF  04(61  and 

AF  04(6  1  1) -9470.  It  v/ill  provide  data  on  the  import.inl  propellant  param¬ 
eters  required  to  produce  a  family  of  u.sable  propell.inhs  containing  aliirninum 
hydride. 

(U)  The  program  is  divided  into  two  [ihasiis:  Phase  1,  formulation 
imp rovement  and  tailoring  expi- riments .  anil  Phase  11,  optimum  formula¬ 
tion  eharaeterizaliun, 

1.2  PHASE  I:  FORMUloATlON  IMPROV  EMENT  AND  TAILORING 
EXPERIMENTS 

(U)  Phase  1  is  divided  into  six  tasks.  These  tasks,  described  in  the  follow¬ 
ing  paragraphs,  are  interrelated  and  are  being  porl'orniefl  concurrently, 

1.2.  I  Task  AIQ:  Maximum  Is))  and  Solids  Eoadiiig 

(U)  Task  1  has  as  its  objective  the  achievement  oJ  the  highest  ]jossible 
delivered  Igp  consistent  with  the  normal  constraints  on  such  a  .system. 

1  18  objective  will  be  accomplisheil  by  a  study  ol  proci  suing  parameters 

to  achieve  maximum  solids  loading  and  by  fcirmul.iiiim  studies  to  optiini/.o 
the  concentration  and  lypi;  of  oxygenaltni  (ilustici/.i- r  Results  will  be  demon¬ 
strated  in  10 -lb  molors 

1.2.2  Task  A20:  Burning  Kate  Studies 

(C)  Task  2  has  as  its  objective  the  development  of  a  wide  range  of  burning 
rales  for  this  propellant  system.  Target  burning  rates  of  0.  28  in.  /sec  and 
1.  0  in.  /sec  at  1000  psi  have  been  established.  The  following  fo i  mulatioti 
parameters  will  be  investigated:  particle  size,  di.stribution  of  solid  ingre¬ 
dients,  plasticizer  levels,  use  of  burning -rate  catalysts,  flame-retardant 
coatings,  O/F  ratios,  and  the  use  of  gassing  agents.  Four  formulations 
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will  be  denionatrated  in  4-lb  motors:  the  fastest  burning,  the  slowest 
burning,  the  most  energetic  slow  burning,  and  the  fastest  burning  with 
good  physical  properties.  The  two  best  formulations  will  subsequently  be 
tested  in  10-lb  motors. 

1.2.  3  Task  ^*30:  DensiLy-lsp  Tradeoffs 

(U)  Tusk  3  involves  a  sli>dy  of  density-lap  tradeoffs  to  achieve  substan¬ 
tially  in^  eased  propellant  densities  witli  minimum  degradation  of  Jgp.  A 
theoretical  calculation  effort  will  explore  the  influence  of  various  param¬ 
eters  on  density  impul.se.  The  two  most  pr-'mising  formulations  will  be 
tested  in  4-lb  motors,  and  the  best  formulation  will  be  demonstrated  in 
10-lb  motors, 

1.  2.  4  Task  A40:  Improvemei  *,  of  Safety  Propellants 

(U)  Task  4  will  have  lliJ  cbjeclivc  of  improving  pro))ellanl  safety  proper¬ 
ties,  Propellant  sensitivity  will  be  reduced  by  the  use  of  coatings  and  by 
changes  in  tor mulali(,'n  parameters.  Uesulls  will  bo  measured  by  changiis 
in  imp  let  sensitivity,  diflerential  tliormal  analysj s  (D'l  A),  and  sparl^ 
aensitivit  y, 

1.2.5  Task  AbO:  Aging  and  Temperature  Limits 

(U)  Task  5  will  bo  a  HubslaiUial  effort  devoted  to  defining  llie  .iging  cliarac- 
tcristics  and  the  storage  leaiperalure  limitations  for  tins  sy.stem.  Tecli- 
niques  for  imiiroving  storage  '  mils  will  receive  considerabie  attention. 

This  work  will  include  static  and  dynamic  DTA  studies,  gas  evolution  studios 
as  a  function  of  temperature  and  Immidity,  gas  ililiusion  llirougli  various 
web  tliiekiiesses,  and  Uie  effects  of  constant  strain  on  slurability.  Tlic  tost 
program  will  include  Lite  use  ol  an^^log  motors  and  a  jiropelhint  segment  in 
a  large  motor.  In  addition,  eighteen  iU-lb  motors  and  otlier  .■'uecimens  will 
b«  shi|)ped  to  ttie  Air  Porce  lor  survoillance  at  their  fuciliUes. 

1.2.6  Task  AuO:  Jm])rovement  of  Mectianical  Properties 

(U)  Imjiroved  meciianical  projicrties  will  be  develojjed  under  task  6.  Tlic 
propellant  curative  system  will  be  optimized  lor  meciianical  propiirln  s, 
new  curatives  will  be  evaluated,  and  Lestnig  will  be  jjeifoi  iiied  at  two  strain 
rates  over  a  range  of  temperatures  from  -60“  to  fl  iO"  !•'.  .^nnlog  motor 
tests  will  also  be  performed. 
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1.  3  PHASE  11:  OPTIMUM  FORMULATION  CHARACTERIZATION  AND 
DEMONSTRATION 

(U)  Phase  II  involves  a  complete  characterization  of  the  propellant  for¬ 
mulation  resulting  from  the  Phase  I  studies,  incluaing  a  complete  ballistic 
characterization  in  10-lb  motors  and  mechanical  property  and  hazardous 
property  testing.  Six  Bates  motors  will  be  processed  and  shipped  to  the 
Air  Force  for  scalcup  testing. 

1.4  REPORl  STATUS 

(U)  The  present  report  covers  the  experimi  ntal  woi  k  performed  during 
the  second  qu.ir ter ,  1  August  19h5  through  31  October  1965.  The  reporting 
status  fur  the  program  is  presented  graphically  in  figure  1. 


Figure  I.  Report  Status 
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II.  TECHNICAL  DISCUSSION 
2.  1  MAXIMUM  Igp  AND  SOLIDS  LOADING  (A  10) 

(C)  This,  task  has  as  its  objcctivi-  the  formulation  of  a  propellant  system 
with  the  highest  possible  delivered  ipecific  impulse  in  a  practical  system. 
This  objective  is  being  accompli!:hed  by  a  study  of  proceiising  parameters 
to  achieve  maximum  solids  loadin^j  and  by  formulation  studies  to  optirni/.c 
the  concentration  and  type  of  oxygenated  plasticizer.  In  addition,  the  effect 
of  aluminum  hydride  concentration  on  specific  inipnlMe  (‘ffic'iency  will  be 
reexamined  briefly  at  iiigii  O/E  r.iiios  (1.2  to  1.  4). 

2.  1.  1  Development  of  a  I'uel  Processing  v  .luiant 

(C)  To  allow  the  rapid  evaluation  of  various  processing  paraineierM  such 
as  higlier  solids  loading,  particle  size  distribution,  and  processing  lime 
and  tomporaturo  studic.-i,  a  iiroce8.sing  simul.ml  'or  aluminum  liydride  was 
developed.  Its  utilization  resulted  in  reduced  co;it  of  processing  sludies 
and  luinimi/.ed  remote  handlirig  requi  renieni  s  iluring  the  pre.limin.iry  stages 
ol  propellant  iirocessing  studies.  Tlie  m.ilcrial  selecti^d  as  the  fuel  simulant 
is  ammonium  oxalate.  Tlie  evaluation  of  tliis  material  is  described  in  the 
first  quarterly  report  ( ‘M’K  UL-TH -fib  -  1 ')li ). 

2.  1.2  burlactant  btudies 

(U)  A  series  of  surface  active  agents  were  ev,ilualeii  for  their  elfect  on 
propellant  viscosity.  Tliis  evaluation  was  conducted  to  determine  whicli 
■lort.ictant  would  provuU'  the  greatest  reduction  in  mix  viscosity  so  tlial  a 
m.iximum  solids  loading  iHiuid  be  athieved  in  a  t  .’is table  system. 

(U)  A  number  of  diliurunt  surfactants  were  evaluated  dunng  tin;  first 
qu.ia'ter  with  lormulalion  UTP  (ibid  premix  (binder  and  oxidizer  only)  at  the 
laboratory  scale  at  a  concentration  of  1%.  Uesults  ol  t.liu  laboratory  inves¬ 
tigation  indicated  tlial  the  lolLiwing  surLictants  yieUled  significant  processing 
improvements  ;ind  were  selectiMt  lor  studies  at  the  1-gal  mix  level; 

Tween  20 
Tween  2  1 
Atlas  G-26d4. 
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Thesfi  surfactants  were  investigated  using  UTP  6822,  with  ammonium 
oxalate  as  the  control  formulation. 

UTP  6822 


Ingredients 

Wt  % 

PEP- 150  binder 

18.9 

1451  simul.mt 

23.  0 

Oxidizer 

58.  0 

Surfactant 

0.  1 

100.  0 


(U)  Of  the  tliree  candidate  surfactants,  Atlas  G-26H4  was  the  most  effee 
tive  in  reducing  tlie  viscosity  of  the  simulated  projjullant  mix.  The  dis¬ 
charge  r.Ue.s  through  a  0.  25  in.  by  t.  00  in.  rlioomoter  orifice  for  rnixos 
with  tile  Candidate  surfactants  are  .sliuwn  in  figure  2.  All  mixes  at  the 
1-gal  mix  scale  now  utilize  Atlas  G-2()84  at  a  concentration  of  0.  1  wt  % 
of  the  total  propellant  for mulation. 


2.  '  .  i  Particle  Size  Distribution  Studios 


(C)  An  experimental  processing  program  was  conducted  to  uptiniizu 
particle  size  dislribuliun.  To  reduce  the  number  of  possible  particle  size 
cumbinations ,  it  was  decided  to  utilize  the  aluminum  hydride  in  the  particle 
■iza  ill  which  it  is  received  and  to  vary  the  ratio  of  "coarse"  oxidizer  to 
"fine"  oxidizer.  I'he  aluminum  hydride  partich-s  are  gunurally  considered 
to  have  an  average  p.irticlc  size  of  about  100  p  .iltliough  lliere  is  considerable 
variability  Iroiii  lot  to  lot.  However,  since  larger  mixes  require  blends 
of  several  lota,  the  mix-lo-niix  variations  of  aluminuni  hydride  p.irlicle 
distributions  are  niiniuiized.  I'hc  ammonium  perchlorate  size  Iractions 
which  have  been  luuiid  to  result  in  minimum  mix  viscosities  in  other  pro¬ 
pellant  systems  at  UTC  are  the  i00-p(f48  niesli)  size  and  the  "fine" 

8  to  12-p  Size. 

(U)  A  series  ol  mixes  were  processed  utilizing  ammoniuiii  oxalate  as  a 
simulant  for  Duwane  1451,  The  propellant  utilized  a  l-'DP-  150  binder  at 
25  veil  %  binder  and  a  constant  25  wt  '%  Dowane  145  1  simulant.  Thu  iollow- 
ing  ratios  of  coarse/fine  oxidizer  fractions  were  evaluated;  16/84,  Lhlll , 
30/70,  50/50,  and  60/40.  The  oxidizer  size  ratio  whicli  resulted  in  the 
maximum  propellant  fluidity  was  50/50.  The  pnipcllant  fluitlity  as  meas¬ 
ured  by  its  discharge  rale  througii  a  0.25  in,  by  3.  OU  in,  orifice  at  given 
rheometer  pressures  is  shown  at  the  various  oxidizer  size  ratios  in  figure  3. 
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(U)  An  additional  variable  which  is  considered  significant  to  propellant 
processability  is  the  particle  shape  of  the  oxidizer.  The  fine  oxidizer 
fractiens  utilized  on  Contract  No.  AF  04(61  l)-9570  consisted  of  rounded 
particles  procossed  in  a  jet  pulverizer  and  classifier.  This  product, 
obtained  from  an  outside  vendor,  became  unavailable.  As  a  result  the 
fine  fraction  was  obtained  from  in-ptani  grinding.  Tlie.  in-plant  materi.il 
is  processed  in  an  impact  mill  and  a  more  jaggtid,  irregular  particle  is 
obtained.  However,  comparative  nrixes  indicated  no  measurable  difference 
in  propellant  processability  when  one  material  shape  'vas  substituted  for 
the  other.  The  similarity  in  processing  characteristics  foi  tliese  two 
materials  is  illustrated  m  figure  3. 

2.  1.4  Flaaticizor  Evaluation 

(C)  In  the  previous  quarterly  report  (AFKl^C-TU-oS- 19*3),  .ui  extensive 
lheorotic.il  treatment  of  the  affect  of  otlier  nitrate  pl.tsticizer s  on  the  per¬ 
formance  of  the  AP-oxidizod  aluminum  iiy  Iride  system  w.>s  pruseiitod  lor 
propellants  formulated  at  the  55  wt  %  iilaslicizer  fevi:l.  I'lio  pl.i  siicizers 
invustigi'tf'd  as  repl.u  <unei.l  s  for  Iriinelhylololhaiui  trinitrate  (TMldTN) 
have  boon  1,2,4,  -butauetriol  trinitrate  (13TTN),  2,2-diniiro  propylnit  rat  o 
(DNPN),  ami  irimethylulnitroniolhaae  trinitr.ilo  (TMNTN  lU’  Nill-nitro- 
giycorino).  The  ternary  performance  diagr.uns  of  these  sys'ems  .iro 
shown  in  figures  7,  H,  and  9  of  AFUPL-TU-05- 195. 

(C)  For  purpo8<Js  of  comparing  the  oflects  of  tlu;  llirue  now  pi  •  si i  ci/.er s , 
the  intersection  oi  the  25  vul  %bitider  line  with  the  25  wl  '/n  aluminum  liydridu 
line  was  suleclud  on  uacli  ol  the  appropj-i.ite  terii.iry  di.igr.i  ms .  The  results 
wore  discuHHuil  in  AFKPL.-TK-05  -  195  .iiul  aro  summarized  m  table  1. 

(C)  In  view  oi  tlie  significant  offuci  of  pl.isl  n  i/.er  level  on  pbysii:al  proper¬ 
ties,  as  contrasted  to  the  relatively  iuiin>r  oilocl  of  jil.istu;izer  level  on 
specific  impulso,  it  has  boon  decided  to  lu.imt.iin  .i  pi .t s I  u  i /.e r  li;vi;l  of 
50  wl  %  ratlior  than  the  55  wl  %  usod  in  the  piuwiou.H  jji-ograiu.  Furtliur, 
processing  studies  have  resulted  in  .i  capability  ot  lusducitig  the  binder  lev:'] 
to  23  vol  %  with  consequent  modest  imju'ovementi,  I’l  Lheurelical  perform. or  e 
and  density.  As  a  resijU  ol  tliese  changes,  .i  Inrther  Ihuorelical  coii'pari- 
sou  was  made  of  the  effects  of  tliuse  jdasln  izers  lUi  jje  rlor  m.mci:  .it  50  wt  % 
plasticizer,  23  vol  %  binder ,  and  25  wl  %  aluminum  hydride.  Tlu:  lussulls 
are  compared  in  table  11,  As  an  additional  point  oi  i  oinp.irisou,  tlie  effii. :t 
ol  nitroglycerine  is  .nlso  presenttid. 

(U)  Prelii.-in.sry  labuiatory  ovalu.itioii  tests  have  boon  conducted  with  all 
of  the  candidate  nitrate  plasticizers.  The  data  accumulated  on  UTl'N  was 
reported  previously  in  the  first  quarterly  report.  Allhougn  ItTTN  wa.s  not 
miscibh  with  HX-735  polymer  .i.buve  5C  wt  %  of  plaslnd/.er,  some  laboratory- 
scale  mixes  have  been  processotl  to  further  evaluate  this  iihisliLizer , 
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(U)  Thi.  plasticizer  TMNTN  is  apparently  miscible  with  HX-73!:'  polymer 
in  all  proportions.  However,  several  small-scale  mixes  tormulatcd  with 
TMNTN  at  the  50  wt  %  plasticizer  level  did  not  ctire.  This  sample  of 
TMNTN  may  have  a  high  acid  analysis  (0.  002%  according  to  the  vendor). 
Additional  TMNTN  will  be  obtained  from  a  'different  vendor. 

(U)  A  DT  made  on  DNPN  is  reproduced  in  figure  4.  An  exotherm  peah 
was  observed  at  ia5.  J  "  C,  but  the  trace  reiurned  to  its  original  hasi?  liti't 
alter  this  exotherm.  The  trace  theti  becan  ;  irregular,  indicating  some 
vaporization,  and  tlien  boiling  oc.curred  at  111.  4"  C.  No  igniiitin  occurred 
Thu  DNPN  was  subseqtntntly  mixed  witit  HX-7'55  .and  curative  in  a  poly¬ 
ethylene  beaKur.  The  polyethylene  cent. liner  was  destroyed  by  heat  gen¬ 
erated  from  the  miximv;  c'ithin  a  few  minutes  alter  mixing.  Some  further 
testing  is  roquirod  to  insl-iblish  (lie  sown  e  ol  ihis  iirohleiii. 

2.2  DENSlTY-lmj  THADi-’Ol  l-’S 

(C)  This  (ash  is  devoteu  to  ll>c  improvement  ol  both  spccitic  impulse  and 
density  in  aluminum  hydride  aystoms.  As  a  piirl  ol  this  lask,  two  lormula 
tiona  will  bo  chosen  for  evaluation  in  six  4-ib  motors:  the  most  dense 
formul.itio.i  will,  a  tlicoretical  iierformauce  in  excess  ol  274  sec  and  the 


Figure  4.  (U'  DTA  of  2,  2-Dinitropropyl  Nitrate 
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most  clunHi;  to riiiul.ition  with  ,i  tlioor i <  al  porforinanci;  of  2H()  sue  or  tib(rve. 
One  of  these  for luulat Jons  will  llimi  be  irv.ilu.ited  in  three:  10-lb  motors. 

(C)  During  tlie  previous  <[U.irter,  methods  lor  incr';asiiig  the  fh:nsity  and 
spin  itie  iiii]5ul.se  .)t  aluiniiiuin  i.yclride-  (>ro[)eUan( s  wei*e  iJxplored  Ihiujr et  i - 
i:ally.  Methods  th.il  might  be'  iisi-d  t<i  iiu  ri:ase  tho  Liieuretii  al  specific 
iniljulse  of  almnjuum  hydrJiie  pri>|je]laiil  s  are:  (1)  the  use  of  Inglre:'  -lUuni- 
iium  hydride  itjadings,  (2)  llie  use  ol  aelv.iiu  ed  uindi:r:i  such  .is  tiro  Ni'j 
Ijinders,  (t)  llie  improvenu  nt  ot  the  nxygeii.it  ion  ol  the;  CillON  binder, 

(4)  the  increase  of  .solJtls  lo.idmg,  .ind  (h)  tlie.  iimc  oi  adv.uuaid  oxidizers 
of  greater  oxygen  i  onti-nl  ,  jlen.sily,  or  luoi'e  hivor.ihlc:  he.il  oi  iorin.itioii. 

(Ci)  'file  deii.sily  ot  aluminum  hydride  propelhmls  m.iy  be  iiu  reused  by 
such  measures  ,i.s:  (I;  l•edlu  tu■^l  ol  .ilununum  hydiddr:  e()nti:al  ,  (2)  the  use 

of  .1  se’eoiid.iry  inet.ibu  luel  in  .i  imxeil  Uu:l  .system,  (  t)  the  reiluetioii  ol 
binder  eouleut  .iiid  ■  ■  eom  iii  .soluls  lo.uling  nu  i'e.ise,  ,iiul  (4)  the  mse  ol 
more  diuise  oxuliza  r  result  nig  in  ’u  reased  soliihs  lo.idmg. 

(C)  The  use  ol  iiu  re.isud  .i liu in i nil 1 1  hydride  lor  inei'e.ised  )u' r I o r m.mee 
IS  limited  by  the  problem  ol  lomhuslioii  elln  ieiu  y  .iiui  two-ph.ise  How 
losses.  I'ixlensive  p>  rloi'm.ioee  ellu  leney  studies  under  vioiilr.iet 
No,  Al'  04(0  1  1)-V'i7ll  ilidli.ite  III. It  levels  .ihove  2':  Wl  'lii.ire  |)roh.ihly  not 
desir.ible.  CiuK  ul.il  loiis  under  ('otiii.ul  No.  Al'  lldlt'll)-  1().S40,  "Ev.ilii.l- 
lion  ul  .in  Adv.iueed  binder,  "  .nul  i  .d  <  ul.ilioiis  on  the  present  progr.mi 
iiulieati'  Ih.il  suhsl.nili.d  i  nip  ro  ven  nn  I  s  in  peiTor  m.ine  e  e.in  be  .u  liieved  by 
use  ot  llie  D  Ul-Ji-'  dilluo r .uinno  biiuK-r  .md  by  u.se  ol  .idv.im  i‘d  oxidizers 
sueli  as  h  y  d  r  oxy  1 .1  in  i  lie  pe  r  ■  lih  ir  .d  (IIAl’).  liovvevi’r,  expe  r  i  nient  at  ion  on 
the  pre.sent  progr.nii  is  lmuti'i.1  to  intr.ilo-p'  ..slieized  liiinh-rs  ot  more  lon- 
vonlion.il  .in.ilysis  .'lul  to  eonventioii.il  oxiilizi’rs.  In  Mysleniii  oxuii/.ed  with 
.iinnionuim  p  i;r  i.hi  oi' .il  e  ,  llu'  gre.il*'sl  niiprovenienl  s  in  dtui.-i  ily  ri'sull  troni 
the  use  ol  niixeii  hyd  ridi/iiuU  al  luels. 

(C)  The  tr.ideiilLs  between  imre.isiug  diuisily  .nni  d  ee  r  e.ising  per  torm.nu' e 
weri'  ex.imined  in  yysiiins  loataiiiiiig  niixlnres  ol  .iliiniiiiuni  hyrlride  and 
.iluniiniun  niet.d  .iiid  in  systeni.s  i  ont.i  iiiiiig  mixtures  ol  .iluniiiium  hyviriile 
.ind  /.irioniuni  nieliil,  Gener.illy,  pe  r  lorin.iine  losiieu  with  nu  reusing 
deiusity  were  gi'e.iler  in  tin-  /,  i  reoii  lUni  -  th.iu  in  the  .ilu  nniunn  -  e  on  taining 
8  y  St  eiiis  . 
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(C)  The  effect  of  aluminum  addition  on  Igp  and  density  is  seen  in  fig¬ 
ures  5  and  6  where  aluminum  analysis  in  the  cornposition  is  held  to  18.  0% 
and  to  22,5%,  respectively.  Two  lines  are  shown  for  25  vol%binder  and 
30  vol  %  binder  to  include  the  areas  of  maximium  processability.  In  the 
composition.s  containing  18%  metal,  the  first  target  inipulse  of  28C  sec 
cannot  bo  achieved.  However,  the  second  target  of  274  sec  can  be  achieved 
at  between  4.  0  and  5.  0%  aluminum  metal  with  a  lesulting  density  between 
0.  0602  and  0.  0613  Ib/in.^ 

(C)  In  the  compositions  in  figure  6  whore  the  aluminum  analysis  is  22.  5%, 
the  280-8ec  target  can  be  achieved  at  2.  75  and  3.  75%  metal  with  a  resulting 
density  between  0.  0590  and  0.  0597  Ib/'in.'  The  secondary  target  of  274  sec 
can  be  achieved  at  a  metal  content  of  approxiir.ately  )  1.0%  to  yield  a  density 
of  bstwoon  0.  0620  and  0.  0635  Ib/in?  From  11  is  it  is  apparent  that  th.; 
secondary  target  impulse  in  the  22 . 5%  aluminum  analysis  systeiii  will  have 
the  best  density. 

1 

(C)  Examination  of  the  effect  of  zirconium  in  the  AIH3/AP/PEP- 155  sys¬ 
tem  shows  loss  favorable  compositions.  While  the  O/h’  ratios  are  more 
favorable  than  in  the  aluminum  system  by  virtue  of  the  lower  number  of 
equivalent  weights  of  zirconium  used,  the  perfnrmanci:  appears  to  drop 
much  faster  with  increasing  density.  This  is  borne  out  in  the  prepeatatioii 
in  figure  7  in  which  specific  impulse  and  density  are  plotted  against  the 
percent  of  zirconium  in  a  sysUim  whose  metal  analysis  is  22,5%,  The 
pi  imary  target  of  280  sec  is  achieved  at  0.  9  to  1.  20%  zirconium  at  .1  density 
of  fiom  0.  0589  to  0.  0598  Ib/in,*  T.ae  secondary  target  of  274  sec  is  achieved 
at  a  zirconium  content  of  from  3.5  to  3.  7%  with  a  resulting  density  of  ii'om 
0.  0605  to  0.0612  Ib/in^  In  each  inst.ince  tlie  densities  acliiuved  at  the  tar¬ 
get  inipulse  are  loss  than  the  densities  achieved  in  the  'iluminuin/viluminuni 
hydride  system.  For  this  reason,  nu  experimental  work  with  zirconium 
is  planned. 


(C)  Processing  studies  liavo  demonstrated  that  PEP/AP/AIH3  propellant 
systeins  can  bo  processed  at  25  vol  %  binder.  Therefore,  two  propellant 
for mul.Llions  containing  aluminum  iiydride/aluminum  combinations  ivere 
Selected  on  the  basis  of  figure  6  to  yield  maximum  densities  at  tlieoretical 
1„„  values  of  280  and  275  sec.  These  formulations  are: 

sp 


Formulation  UTP  6825 

PEP- 155  binder  18.  iZ 

NH4CIO4  56.63 

A1  3. 65 

AIH3  21.00 

Theoretical  l^p.  sec  —  280.  1 

Theoretical  Density,  Ilyin.  0.  0604 
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UTP  682b 

18.  00 
58.  00 
9.  75 
14.25 
275.  0 
0, 0627 


SPECIFIC  IMPULSE  (1 


284 


Figure  (>.  (U)  l-'erlorinancu -Dcnaity  Tradcoiib  uL  Various  MoUl 

lor  .1  Constant  b  V/l  %  Aiuimnuin  Analysis 
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A.  total  of  four  4-lb  inotorH  of  uach  forniulation  have  beun  tuated.  The  teat 
results  are  pr<usentorl  mi  table  111.  The  densities  for  these  motors  were 
below  normal.  Somewhat  more  was  evident  in  these  motors, 

apparently  because  the  aluminum  powder  hod  not  been  previously  dried. 

Such  a  procedure  would  not  normail-’  be  roquircfl  except  in  cases  where 
Uic  aluminum  and  the  aluminum  hydrulc  .ire  processed  i  inether. 

2.  i  BURNING  RATE  STUDIES 

(C)  To  make  this  proijitll.int  system  adaptable  to  a  wide  ranj[e  of  potential 
missilij  systems,  a  study  has  been  initiated  to  develop  a  spectrum  of  avail¬ 
able  burning  rates.  Target  burning  r.tles  of  0.  2'i  in.  /sec  and  1.0  in,  /sec 
•at  1000  psia  have  been  ustablishud.  Generally  rpe.iking,  the  higher  burning 
rates  in  the  r.ingu  of  about  0.4  to  about  1.0  in.  /sec  at  1000  psia  offer  no 
serious  problems  since  a  number  of  effective  uurmng  rale  addiliv'tis  are 
available  wiiich  can  be  varied  in  concentration  sulliciciiLly  to  achieve  any 
burning  rates  in  thin  range. 

(C)  Under  C.  utract  No.  AE  04(f»  1  t)-V- 70,  piopclj.m,  burning  rates 
lypicallv  ranged  from  about  0.  !i0  to  about  0.  7  in,  /sec  lor  propellants  con¬ 
taining  Mo  burning  rate  additives.  I'licrulore,  it  was  assumed  that  burning 
rales  in  ',l;e  lower  r.mgits,  say  0.  fO  to  U.  20  in.  /nei  at  lUOU  psia  would  be 
somewhat  inure  dillicult  to  achieve.  A  nysteiUi'.tic  study  was  conducted  to 
determine  Uie  eflecl  ol  lliu  noiiiuil  propellant  formulation  p.n-amoters  on 
burning  rale  prior  to  devoting  any  substantial  illurt  (u  <1  study  ol  burning 
rale  catalysts  or  burning  r.ite  rMfai'<i  hUh. 

(G)  In  Liio  proixTlaiii  system  under  study,  thu  prim.iry  li.i  luulalion  p.iram- 
elurs  available  for  study  include  oaidizor  (Al')  conconli'aiiou,  I’El’  binder 
concentration,  H  METN  plasliciaur  concunlr.ilioii  in  tlu:  binder,  and  alumi¬ 
num  hydride  concentrui.ii.<n.  for  purposiiH  ol  ibe  burning  r.ile  nivuslig.ilioii, 
Uie  p.irlicle  siae  distribution  ol  tliu  t  vo  solid  ingrndifiils,  i.e.,  aiimiouium 
perchlorate  and  aluminum  hydiido,  .ire  adUeu  p.iraincti  rs.  Since  lliu  effect 
of  Ihouo  last  Lwc  parameters  (partii  !e  si/.us)  e.rn  geiim'.tlly  be  |iioiticltid 
qu.ililatively ,  they  do  not  offer  any  nnusii.tl  priiblenin  and  it  reniamu  merely 
to  measure  quantdativelv  the  etlecl  ol  Al'  and  .iluinmum  liydride  p.irluli: 
sizes  in  tins  particular  system. 

\C)  The  lour  primary  for  n.ulation  p.ii  a  nieic.  rs,  Al-*,  Allij,  binder,  .ind 
plasticizer  level,  are  most  cuiivunienlly  iroalud  in  turms  ol  bindei  volume 
coni- enti'ation,  Q/i'  .i-atio,  and  pluEtici;  fir  level.  The  O/i''  ratio  esbonlially 
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represoiits  a  tradeoff  between  aluminum  hydride  and  ammonium  perchlorate 
at  a  given  binder  >'olume  level.  The  following  experimental  plan  was 
designed  to  explore  these  parameters  in  1-in.  microir.itor  tests: 

BURNING  RATB  SlUDIES  EXPEIUMENTAL  PLa\N 


Variables 


Binder  volume  levels: 

O/F  ratios: 

Plasticizer  levels: 

AP  grind  ratio: 

LiMii-  1  size: 

25,  30,  32.5 
1.0,  1.  2,  1.  4 
30,  40,  50.  60 
I'our  ratios 
Two  fractions 

Constants 

Variables 

No. 

Mixe  H 

30%  binder  (PEP- 150) 

50:50  AP  ratio 

O/F:  1.0,  1.2, 

1.  4 

3 

30%  binder,  1, 2  0/1*'  ratio, 
50:50  AP  ratio 

Plasticizer:  30, 
50.  (.0 

,  40, 

4 

PEP- 150.  1.  2  O/F  ratio, 

50:50  AP  ratio 

Binder  volume: 
25,  30,  32.5% 

3 

30%  binder  (PEP- 150), 

1.  2  0/1'  ratio 

AP  ratio  (co.ii'se 
60/-10,  50/50, 
20/80 

/lino): 

15 /l5. 

4 

30%  binder  (PE1’-150), 

Screen  EMJl-1  into 

2 

l.  Z  0/1''  ratio  two  fractions 

ib 

(C)  Must  of  the  mixes  roquirtul  lor  lliis  exj>«r  iiueiil  have  been  processed 
and  tested  with  the  exception  ol  Uio  two  designed  to  exploriT  the  eliucl  of 
aluiiiinuni  hydride  particle  size.  One  mix  (UI'X  6H17)  ■<  I  the  bO'/u  plasti¬ 
cizer  level  was  not  castable  and  is  being  repealed.  In  aildilion,  the  (eat 
results  lor  UTX  6U46  at  the  40%  plasticizer  level  appear  to  be  anomalous 
and  this  mix  will  also  be  repeated.  T.abio  IV  summarizes  the  -  torniulations 
tested  ana  the  test  results.  ^ 
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(C)  BURnInG  rate  study  (MICROMOTOR  TEST  RESULTS) 
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(U)  The  effect  of  binder  concentration  on  burning  rate  in  terms  of  volume 
percent  binder  is  illustrated  in  figure  d.  The  binder  concentration  within 
the  range  of  interest  appears  to  have  essentially  no  effect  on  burning  rate. 
The  effect  of  O/F  ratio  is  significant  as  indicated  by  figure  8.  An  increase 
in  O/F  ratio  from  1 . 0  to  1,4  results  in  an  increase  in  burning  rate  of 
over  25'^w 


(C)  Figure  H  presents  the  available  data  on  the  effect  of  plasticizer  loading 
at  constant  O/F  ratio.  The  low  burning  rate  at  40%TMKTN  is  apparently 
in  error  since  it  alao  f<  substantially  out  of  the  curves  in  figure  9  in 
which  burning  rate  is  trai  <-id  as  a  function  of  weight  percent  AF  and  weight 
percent  aluminum  hydride  On  the  basis  of  the  linritod  data  available  fur 
this  parameter,  it  appears  that  burning  ra<.e  decreases  as  t'  o 'loading  of 
TMFTN  increases  at  a  constant  O/F  ratio.  4. 

(C)  This  intorprctalioik  is  consistent  with  the  data  presented  in  fig  uro  9, 
in  which  all  of  the  forntulationa  (at  the  same  AF  grind  raOu)  arc  treated 
wiUiout  regard  for  O/F  ratio,  (ilasticizer  loading,  or  binder  concentration. 
There  is  a  strong  trend  toward  higher  burning  rates  at  increased  AF  con¬ 
centration  or  reduced  r^fitos  at  increasing  aluminum  hydride  concentration. 
There  is  obviously  some  intoraction  betwsen  the  effects  of  AF-  concentration, 
per  se,  and  the  effect  <-/  O/F  ratio.  Tlie  separate  olfocts  of  Utosu  two 
parameters  tna/  bo  somewhat  easier  to  separate  after  the  rest  of  111':  mixes 
treating  TMFTN  level  at  a  constant  O/l'  ratio  have  been  tasted. 


(C)  Those  findings  offer  an  approach  to  meeting  oiio  ol  the  ubjuclivos  of 
Lite  study,  a  burning  rate  of  0.2b  in. ./sue  at  1000  psia.  If  tiiu  burning  rate 
is  piTiiiarily  a  function  of  AF  conceuiraliyu,  it  should  bu  possibiu  to  reduce 
i\F  and  increase  Lite  TMFTN  level  at  a  cun  slant  0/1*'  ratio  (say  1,  2)  and 
achieve 'reduced  burning  rates  with  no  sigmfiv  .mt  loss  in  porlurinancu 
altliough  at  a  ■acriiicc  in  m«chaniv<tl  propurlius . 


(C)  l;'ignre  10  illustralus  the  eftect  oi  uxidizur  pai'liclo  sizo.ihsli'ibutioii. 
The  ’coal  SA  fraction  ui  oxidizer  has  an  average  p.irticlti  diamulur  above 
300)1.  Ttie  fine  iractiun  has  au  average  p.>vlii  lu  diameter  of  U  to  10  p. 

W ithin 'th'.'-  range  of  coarse /finu  raliuc  lusted,  liie  burning  r.ito  v  ried  from 
0.  31.  in.  /sue  to  0.  40  in.  /sec.  borne  additional  lusting  is  plaiuiud  Ir  uxplorn  ' 
Uie  effect  of  increased  ciincentralioiis  of  coarsu  oxidizer  ,011  burning  r.-iie. 

It  appears  Irpm  the  shapu  0/  thy  cu^rve  in  figure  tO  .tliat- a- furtJler  rsductUMii'c. 
ill  fine  AF.  belo4^thaL  represenlud  ,will  not' .result  in  fur  the  r  substantial 
reductions  in  burning  rate.  Furthei  ificreases  in  Uie  '‘fmo",  fi-acUoii  ot 
AF  would  no  doubt  result  in  increased  burning  r.iles.. since  such  .111  apj)ro.ich 
has  bean  amply  demonstrated  in  otlie>'  propellant  systems'.  In  the  pru]^ell4»l 
sysfMii  being  developed  On'Uio  prusenl'prugrain,  iu>wove.x  ,  any  substantial 
increase  in  tlie  "fine"  AF  fraction  would  seriously  jeopardiyie^the  giocossmg 
capabilities  of  the  system  and,  to  a  lesser  extent,  tlie  mechanical  proper'ies 
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(C)  iiiiuu  Uic  olicct.  of  Uu!  various  formulation  jiar ann'Lors  or  propellant 
burning  rate  h.ive  been  dofineil,  tlic  next  step  in  this  study  will  involve 
defining  the  approximate  upp«!r  aiul  lower  limits  of  the  burning  rate  spee- 
trum.  On  the  basis  of  tin;  test  data  obtained  no  far  and  the  range  <jf  formu¬ 
lation  parameters  being  studied,  it  appears  th.it  all  of  the  burning  rate 
objeelivos  can  be  met  without  reducing  the  theoretical  specific  im])ulsc 
below  .’.HO  sec. 

(G)  Some  studies  have  also  been  conducted  to  delerniine  tJiu  efiect  of 
grinding  aluminum  hydride.  Tlio  liydride  was  ground  for  different  Lime 
periods  in  a  ball  mill  to  reduce  p.irticlo  si/.es  ,ind  mixed  in  UTX  681'! 
tormiiJalions.  'I'lie  immediate  goal  was  to  tlelermino  the  eifect  ol  grinding 
on  proi-essability  and  cured  propellant  density,  'I'lie  ultimate  j.o.il  is  to 
inmoase  the  Ir.iciion  ol  cuarso  Al'*  and  roducu  the  fraction  cf  tine  oxidi/.er 
for  the  pur\>o8o  ol  acluoving  reduced  burning  ralus. 

(G.)  ‘Die  experinundal  data  are  suinmari.cud  in  table  V.  Thu  propellant 
viscosities  wore  diruclly  proportional  to  grinding  time.  As  grinding  times 
incruased,  lugbur  iirupollant  viscusiliou  rusulLuil.  l'’ro)Htll.m  t  densities 
in  which  Uie  aluminum  liyd.'ide  was  "wut  ground"  in  ai.  r  ylonitiTlu  had  den- 
silius  cor I'usponding  to  time  ot  trcatmual  as  the  hydridu  was  not  lurthur 
suiTacu  treated  alter  grinding.  Tite  hydride  in  batches  1^0  and  Idi  was 
"dry  ground"  and  then  acrylonitrile  treated  for  17  lir  prior  to  drying.  'I'lic 
di  nsklies  in  these  two  mixes  weie  proportion  il  to  grinding  them,  'I'lie 
longer  the  grinding  period,  the  lower  tiiu  propellant  density, 
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(C)  Congidcriiblc  difficulty  was  experienced  on  pj  cvious  programs  in 
obtaining  reliable  strand  burning  race  data  because  of  the  problei-ne  asso¬ 
ciated  with  obtaining  a  s-itisfactory  coating  on  the  strands.  Many  of  the 
coating  materials  either  reacted  with  ttie  aluminum  hydride  or  could  not 
be  cured  at  the  low  tomperaturuH  required.  An  "jnd -burning  micromotor 
has  been  designed  and  ci)n.str acted  for  measuring  prapell.j.iit  burning  rates 
on  this  program.  On  the  basis  of  micromotor  testa  and  4- lb  motor  teatc 
from  tile  same  mixes,  there  is  no  measurable  difference  in  burning  rates 
obtained  from  micromotors  or  4-lb  motors.  The  micromotor  design  is 
illustr.ited  in  figures  11  and  12. 

2.4  IMPROVEMENT  OF  SAFETY  PROPERTIES 

2.4,  1  Conductivity  Experiments 

(C)  Eifurls  wore  continued  this  jan'iod  to  develop  niethods  for  miiiiim/.ing 
the  hazards  inhoront  in  liandling  aluminum  hydride.  Tl»o  prim.iry  approai.h 
being  invosligatud  at  Uiis  time  is  to  increase  the  ciocLrical  conductivity  of 
the  Dowaae  14b  1  parliclos.  Previous  attempt  a  to  coat  the  p.irticlcF;  with 
graphite  by  mechanical  tumbling  and  by  soIv'miI  disiiersion  did  «iol  result 
in  a  successful  coaling;  that  ia,  the  measured  oh:clriciii..ruHiBtancu  of 
bed  of  Dowanu  1  4b  1  particles  was  not  rcdticed  as  a  result  of  the  attempted 
coaling. 

(  • 

* 

(U)  Two  oilier  materials  have  been  investigated  for  liiuir  uflevd  in  increas 
ing  the  electrical  conductivity  of  the  Dowane  14bl  jiaiTjiwles,  One  uialeri.il 
a  commercial  antistatic  spray  with  the  tr.ide  name  bialikill.  The  other 
material  is  Catanac  SN  antistatic  agent  (stoaraiuidopropyldimuthyl-U- 
hydroxothylaiiimonium  nitrate}  manufactured  by  Auiericaii  Cyauamid. 

These  materials  were  evaluated  as  1%  coaling  on  tlx'  Dowatie  14b  1,  Thu 
coaled  particles  wore  tested  in  an  uleclrical  conductivity  cull  wliich  con¬ 
sists  of  two  1-in.  brass  plates  held  0.2b  in,  apart  by  a  plexiglass  spat  er. 
The  cell  is  shown  in  figure  13.  A  vacuum  tube  voll-uhiueter  (RCA  Senior 
Volt  OhiTiysl)  was  used  to  read  the  electrical  resistance  of  llie  sample. 

The  following  results  were  obtained  on  the  maleriaia;  tosled: 


Elu  clric.il 
Resistance 


Sample  megohms 


I  Pure  Dowanu  i4bl  1000 

Dowaiio  1451,  1%  graphite  coaling  lOOO 

Dowane  14b  1,  1%  Slatikill  coating  40  to  70 

Dowane  14bl,  1%  Catanac  SN  coating  750 
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SOLENCiD  OPERATED  VALVES 


igure  11.  (Q)  Micromotor  Test  System  for  Burning  Rate 


CON  F!  DENT!  Al 


I’iguro  13.  (U)  ConilucLivily  Cull 


'J )  So  lar,  th«  SUtikill  itt  lliu  only  niaturia.1  tiulliciuiiliy  onoclivu  u> 

..arrant  lurthur  study.  It  is  plannud  to  uvulualo  suvorul  uurlaot.ints  which 
havo  been  shown  to  bo  uiiuctivu  in  itkipx'oviti^  [jrocussabilil  y  oi  thu  )>r ijpul l.uii . 

2.  4.  2  Impact  'Suneilivity  TuHtint; 

(C}  In  connuctioik  with  the  burnlug  r.itu  studios  duscribuil  m  suctiun  2,  3, 
a  series  ol  impact  lusts  wuru  conductud  on  uticurod  propullanl 
which  represtiutud  variations  in  0/1'  ratio,  bindur  lovol,  ainj  phist  ici /,u »• 
level,  Tho  data  are  prosontod  in  table  VI.  Impai.t  Huiisit  vity  vaiuos  tor 
the  uncurud  spuciinons  ran^^ud  Ironi  7,  3  to  9.4  Kg-cin.  Thu  inosl  sansitivo 
spocir  len  in  this  series  (UTX  6b4b)  repiaisonlod  thu  luwur  binder  level, 

25  vul  %.  Neitlier  tin  concentration  oi  'I'MldTN  in  tli<  binder  nor  the  O/i-' 
ratio  oi  Uie  propellant  appeared  to  Iiavo  any  oilocl  on  pr opnll.ml  ions  ilivity 
within  the  ranges  teslud.  Tliore  is  also  nu  apparent  etlect  due  uO  Llie 
indi'^idual  ingredients,  animuniuin  perchlorate  or  Dow.ini-  1451. 
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<i.  b  AGINC  AND  TEMPL'RATUUK  LIMITS 
2.  ‘3.  i  l''Qi'inulation  Improvement  Studies 

2.  !j.  1.  1  KUc'ct  ol  Purilicatioii  o!  lii(4r<-di«*tits  o.i  l-'rojjcUaiit  Density  and 
A){in^  Proportii-s 

(C)  One  ol  the  lunclaiiieiilal  problrnis  assuciatc-'d  with  tlie  use  ul 
aluniiiumi  hydride  i.untaining  pi'tipcllants  in  ope r.it  u>nal  motor  systems  is 
the  liniitati'-  on  stoiani:  tiiiies  a>id  stora){e  temperatures.  Anotlier  problem 
asHoi'iated  with  ne  utilization  ot  aluininum  hydridi-  lor  higli-enerj^y  propid- 
lants  18  the  lot-tu-lol  variation  in  the  thei'nial  and  Lhcmical  stability  ol  the 
material,  'i'he  i!lleel  ot  tliernial  stability  on  the  propell.nil  pi'i>pertieH  has 
shown  uf>  as  ^.isNinjj  ilm  iiig  t  iii'i.,  resulting  in  a  low-density  propellant. 

Tlie  iJi’iiii.iry  elleet  ul  the  i  hemieal  rea«  l  ivity  has  been  shown  in  the  gaH.sing 
ruaetiuns  that  oecur  during  eiire,  again  resulliiig  iii  a  low-density  propelhint. 

{0}  Itiasinueh  as  aluninuini  hyilrtde  is  known  to  reaet  with  moisture, 
un«  apiii'o.u  h  to  elnninaling  the  gaHsiug  prohU-m  h.as  been  the  ovaluation  ol 
«  rigorous  |ir  Ol  t‘du  I  e  ol  drying  and  puri'yitig  .ill  propell.nil  ingrinlieiits  prior 
to  their  ulilixation  in  tlie  propell.ini.  The  tiX-VS!>  jiolyesler  was  stripped  ot 
Hzeiaic  aeul  and  moisture  !•'.  a  tnoliu  ular  still  at  1  2.'>  *  C  and  an  absolute 
pressure  ot  apiii'oxiinately  10  to  20  p .  The  MATO  was  vai  iiuiii  distilleil. 

Tilt!  Lpon  H12  was  diluted  in  methylene  ihluride,  dried  over  inoleiiilai'  sieves 
tor  4U  hi,  and  then  the  supeinalant  liquid  was  dei.inted  oil  aiul  the  solvent 
vacuum  stripped.  The  AT  was  drieil  lor  a  iiiinimuni  ol  2*1  hr  in  a  vai  iiuin 
oven  at  TIO "  !■'.  All  maluiials  alter  pnriiiealiun  were  kept  in  .i  dry  box  with 
a  relativk-  dew  pond  ol  -  JO*  C  or  below.  All  weiglwngn  were  done  m  tin'  ilry 
box  and  subsequent  .fxposuri'  to  the  almouphere  wau  kept  to  a  ininimuni. 

Ill  table  Vll,  a  i  oinpariSLin  ot  bateh  llti,  wbuh  was  prup.ii'ed  by  tlie  standard 
proiudure  previously  used,  with  batili  112,  in  wlniii  all  iiig  I'uditmls  have 
bsan  purilied,  inUii-.iles  an  improvenienl  in  duiiuity  li  om  tt'T  to  O'l.  o%  ol 
the  tliuorelieal  value.  A  S y s lemalii.  substitution  ol  inp <'''•( lenl s  one  by  one 
was  nmde,  starling  Wilh  ball  li  lOn,  to  deluiiiuiio  wbn  i,  oi  tlie  ing  redu'iil  m 
was  most  erilical.  One  ingreilient  at  a  tiiiii;  was  used  in  the  an  -  reeniveil 
coiidiUon  and  a  subseqotml  jirnpellant  density  ilelermiiied.  In  tins  series 
ol  mixes,  a  blend  ol  several  lots  ot  aluminum  hyilri  h;  was  utilized  to  sinm- 
late  tile  eoiiditiunu  existing  in  the  n«  .tie-up  tai  ilities.  I'his  p.irtiiular 
blended  iiialuriai  eoiitained  lots  ot  Dowane  Mbl  wliieh  ere  eonsidei'eil 
iiiai'ginal.  In  tins  lust  series,  the  density  ol  batch  lUtJ  indicated  that  the 
utilization  ol  Lpon  H  1 2  "us  -  received"  had  the  most  deleterious  ellect  on  tlie 
propellant  density.  However,  wiieii  the  ellect  ol  L'pon  HI  2  v/au  examined 
witli  a  lot  ol  very  good  hydinle,  DL-4H2.  no  ellect  on  llie  propellant  density 
was  noted,  as  is  shown  in  hatclies  124  and  138  in  table  Vll.  Treatnienl  ol 
TMLTN  h.td  the  least  ellect  on  pi-iipellant  ilensily.  The  ether  extraction 
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TABLE  VII 

(U)  PUKIl'TED  INGREDIENT  DATA 
BL  28  UTC  AN 


UTX 

6814 

I'urmulatiuii  Variable  Shore  A 

Cure 

Time 

days 

Density 

g/oi- 

% 

Theoretical 

Density 

106 

HX-7  3b  A.  H.  ,  reniaiiider 
pii  ril  ied 

50 

4 

1. 4  80 

93.  0 

107 

MAPO  A.  K.  ,  rein.\iadcr 
purilicd 

»>0 

4 

1. 504 

94,  8 

108 

EPON  812  A.  U.  ,  rciivaiiider 
pu  r  it  ied 

oo 

4 

1. 401 

92.  0 

lOV 

TMETN  A.  U.  ,  reinaii  oer 
]n>rilied 

b2 

3 

I.  535 

98.  0 

IIU 

TMETN  •(  M.  S.  ,  reiiiuiiidei' 

|ni  r  ilind 

5  2 

3 

1.5  11 

95.  1 

1 1 1 

I'METN  1  1%  E.  C.  ,  I'uiiiaiiidu r 

pii  ril  io<i 

oO 

3 

1.  5  2o 

90.  1 

11  J 

AP  uvoi)  dried,  ruiiiaiiidur 
purilied 

50 

3 

1. 507 

94.  9 

1 16 

A.  H.  binder,  AP  oven  dried, 
BL-28  UTC  AN 

40 

5 

1 . 420 

89,  5 

112 

All  iiigredienla  purilu'd  (\ onlrol) 

45 

1 

1,518 

95.0 

12V 

A.  K.  binder,  BE  28,  3-day 
bUX  Et^O,  oven  dried  AP 

58 

'1 

1.  4V2 

94.  0 

124 

Purilied  ingredient,  (DL-482) 

ov 

4 

1.  508 

98.  8 

138 

EPON  812  A.  K..  {DL-482) 
remainder  purilied 

72 

4 

1.  574 

99.  2 
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procedure  (using  a  soxlilct  extractor)  was  again  evaluated  as  a  stabili;&ation 
tecliniquc  for  aluminum  hydride  in  mix  129.  A  significant  impiuivement  in 
pro;  fllant  density  was  obtained  utilizing  "as -received"  binder  over  AP  with 
the  soxhlet  ether-treated  aluminum  hydride  as  compared  to  that  treated  with 
acryloi'  itrile.  Further  work  is  planned  on  this  procedure  utilizing  all  puri¬ 
fied  iv.gredients  to  see  il  a  turther  density  inipi'ovement  can  be  obtained  by 
using  purified  ingreditmts  \^ith  suxhlet-treated  Dowano  14.S1. 

2.  S.  1.2  Vacuum  Cure  Eflecls 

(C)  Tlu'  most  8ev>  re  gassing  ol  the  propell.uit  occurs  during  the  first 
24  lir  of  cure.  Accordingly,  a  series  ol  exp«‘ rimeiits  were  conducted  to 
dotermine  the  ufiect  ol  curing  the  pt  I'pellanl  under  vacuum  or  of  subjecting 
the  mixed  propellant  to  a  vacuum  prior  to  cure.  The  resultii  ol  this  study 
are  shown  in  table  VIll.  Hatch  123  is  the  control  for  this  study.  A  propel¬ 
lant  dunsity  ut  9d.  2%  ol  theoretical  was  obtained  in  the  control.  Aluminum 
hydride  lot  DL,-482,  winch  had  been  treated  by  Dow  with  wet  acryloniti'ih! 

(0.  3%  wateiOi  was  usu.l  in  this  test  series.  In  batch  13b,  duplicate  saniplen 
were  degassed  at  1,  2,  i,  and  4  days,  respectively,  under  static  vacuur.i 
at  120’  !■'.  Tin;  aaine  deg.issing  piM  iodt)  were  used  with  batch  I3ti  only  at 
ambient  leniiK! raturc.  All  saiujileH  were  l  ured  for  a  total  ul  4  d,ryu  at 
120*  b'.  For  example,  sample  MSA  was  cured  under  static  vacuum  at 
120"  b'  lor  1  day  tollowed  by  3  days  ambient  piu  nsure  and  i.'ui'ed.  Sxinph- 
130A  was  cured  under  ambient  temperature  and  sialic  vacuum  for  1  day 
followed  by  4  tlays  cured  at  ambient  pi'ennure.  A  slight  iinprovemenl  in 
density  was  obtained  with  the  1-  and  2-day  vacuum  tieaime'il  at  120*  b',  but 
a  retluclion  in  density  ociurred  on  the  third  and  loui'th  day.  I'lns  is  not 
surprising  since  the  ellecl  vii  vacuum  during  gelation  should  result  in  a 
swelling  ot  the  propellant.  The  vacuum  conditioning  ol  anihient  lempe  ratun; 
samples,  however,  gave  reproducibility  high  densities.  On  all  lour  samples, 
iensities  Iroin  99.  9  to  lUU.  3%  ol  tiiooretical  were  obtained,  it  is  apparent 
that  at  ambient  tempi' r,i  tvire,  no  cure  occurs  in  the  btll4  tormulation  in  this 
time  periix'.,  I'lierelorc,  when  the  sample  was  jihu’tul  iti  the  120*  !■'  oven 
for  cure  alter  ambient  deg<tt>'s  ing,  the  propellant  retained  unouglt  tluidity 
to  recoiiH olidate  itsell. 

(U)  Since  the  initial  study  here  had  been  with  a  lot  ot  Dowane  14b  1 
that  alieady  exhilnled  good  properties,  a  check  was  made  on  the  cifecl  ol 
this  teiduiique  with  hlend  2B.  A  inodilicatioii  iii.ide  to  the  procedure  here, 
however,  was  to  leave  the  mixed  propellant  in  the  mixer  under  vacuum  fur 
approximately  17  hr  followed  by  a  1/2-hr  mix  cycle  and  llien  casting.  It 
can  be  seen  that  with  this  lot  of  hydride  and  this  particular  technique,  no 
gain  in  density  was  obtained. 
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TABLK  VIII 

(U)  VACUUM  CURE  DATA;  DL-482  (aN  TREATED  BY  DOW) 

% 


UTX 

6814 

Variable 

Density 
k/^-c _ 

Theuri'ti 
Denn  ity 

122 

A.  R.  injjrcdient 

1 .  S  20 

06.  3 

123 

Purilied  ingredient,  control 

1.  5  50 

08.  2 

13bA 

One  day  .120*  K  1- vacuum  purilied 
ingredient 

1  .  bi)  ’ 

08.  7 

13513 

Tv/o  days  120”  1'  i  vacuutri  purilied 
ingrodicnt 

i  .  S7  1 

00.  0 

135C 

I'liree  days  120*  !■'  i  vacuum  purilied 
ingredient 

1  .  042 

0,'.  1 

135D 

l>'uur  days  120*  1'  1  vacuum  purilied 
ingredient 

1  .  S2i 

OS.  0 

136A 

One  day  ambient  t  vacuum  purilied 
ingredient 

1  .  S4‘) 

OO.  0 

13013 

I'wo  days  ambient  1  vacuum  purilied 
ingredient 

1 .  SMO 

100.  1 

136C 

Three  days  ambient  1  vacuum  purilied 
ingredient 

1 .  OHV 

too.  1 

136D 

l‘'uur  days  ambient  3  vacuum  purilied 
ingredient 

1 .  S02 

100.  1 

14U 

Purilied  ingredient 

1.  S22 

OS.  0 

liE-28  UTC  AN 

Left  in  mixer  17  hr,  80*  P  under  vacuun-i 

112 

Purified  ingredicnt(contrul  lor  batch  140} 

1.  S  18 

OS.  t, 

13L-28  UTC  AN 
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2.  5.  1.3  Surface  Trealnieufs 

(C)  Aiiiuiig  tile  niaiiY  tccluiiques  tur  improving  the  stability  and 
compatibility  ol  aluminum  hydride,  perhaps  tlw  niost  cotniiionly  used  is 
that  oi  a  suriaco  passivation  nblaiiiod  by  iiiiiiiersing  the  hydride  in  a  medium 
such  as  acrylonitrile.  Adv.iiicomeiits  in  this  technique  have  been  made  by 
adding  traclioiis  ul  a  peri'<'nt  ol  water  tu  the  acrylonitrile.  The  tech<>ique 
favored  by  Ae  rojet -Giuie  ral  is  the  truatnieiit  ol  tlie  liydridc  witli  hot,  muiet 
air.  Currently  it  is  believed  that  this  passivai'.Oii  is  uccurriii|<  through  the 
surface  oxidation  ol  the  hydride,  Dow  Choiiiual  Company  has  demonstrated 
tlia*.  the  Taliani  stability  ol  aluminum  liydridc  is  s igniticantly  improved  by 
reacting  aluminum  hydride  directly  with  water.  Surlace  oxidations  ol  the 
order  oi  U  )  to  i"/a  yitdded  siKiidicanl  im|M-ovei)ii-ot  h  in  thennai  ulabilily. 

(C)  Tbc  basK  reaction  <>ccurrmg  in  i  ht:  water  treatment  is  one  ol 
oxidation  and  redui  lion.  A  technique  originally  studied  under  Contr.<iM 
No.  Al''  U4(b  1  I  ]  - 'Ib'/O  by  UTC  lor  measuring  the  degree  ot  reactivity  ol 
aluminum  hydride  was  evaluated  as  a  surlace  oxidation  technique  lor  improv¬ 
ing  the  stability  and  i  omp.il  dnlity  ol  aluminum  liyd'  ide.  This  apin  oai  li 
involves  reacting  llie  nuwiim.  e  H'*.  1  surlace  with  the  qniiioneu,  ali»arm 
(1,  2-diliydroxyaiitliroqiiiiione)  and  alixarm  red  S,  the  sodium  aliaaran  sulloiiale 
salt.  The  alizarin  was  dissolvi'd  in  heiiaeiie  and  Dov.’ano  14b  1  was  added  to 
Iho  mixturti,  No  immediate  <  olui'  change  was  nulicou,  but  alter  Hoveral 
hours  a  red  color  was  oba«ii  ved  on  the  hydride  surlai'u.  Thu  exact  reai 
tioii  products  are  nut  t  iirruiilly  known.  It  is  assiiiiiud  that  a  i.liulale  was 
tormud  causing  1  lie  red  colui  ulioii  on  the  Oowaiit  u  14b  1  surlai  e.  Table  IX 
is  a  suilimai'y  ot  the  uxpe  riiiii'iitul  data.  Tliu  dillerencu  between  ball  lies 
lJU  and  l.l'l  was  that  the  exi  ess  aliaarin  was  rumoviid  in  baluh  IJ'h  it  is 
lute  resting  l<>  in>ie  that  the  liyditde  with  no  exiiiss  ulixui'iii  had  a  red  coaled 
Surlace.  'I'hls  suila>.e  is  not  soluble  in  buiiaeiie  and  oould  not  be  ruiiiovud 
from  the  hydride.  It  is  possible,  therefore,  that  an  oiganu  coaling  ol  the 
rsdui  fid  alixarin  has  been  tormud  by  uhulate  lormalioii  with  aluminum.  To 
ubluin  Ihii  maxmiuiii  etlei  I  Irom  ihu  alixartii  trualmoiit  iii  bali.hes  t  11  and 
112,  the  ahiiiiinum  hydride  (lot  DL.-4bH)  was  ground  in  beiixeiiu  with  ilis- 
sulvsd  sliaurin  oi'  aliaurin  red  iS  m  it.  ^ooh  Irealmuiit  rosultu  in  exposui  i' 
ul  fresh  surfaces  lor  ruaclion  with  the  oxidising  agents.  I'lie  biggest  gam 
ill  uonsily  was  obtained  with  tha  aliaariii  red  S  l.'ualnd  fuel.  This  batch  ilid 
have  a  Soft  cure,  however,  as  evidoiieod  by  a  low  Shore  A  I'bliiig,  mdiiuline 
the  possibility  ol  an  inlerterunce  with  cure  mechanism. 

(C)  I'n  Separate  the  etlectu  ol  the  surface  oxidation  obtained  by 
chelate  turmatiun  of  the  quinone  uiivl  aiuitiiiiuiii  tiydi  ide  from  that  ol  the  sub¬ 
sequent  reuction  ot  chelate  lormatioii  with  the  uxidiae-'l  aluminuiii.  uiiothur 
quinone,  2,  b-dibrunio  qimi>Mie  i  Idcuomidu.  iu  being  evaluated.  This  muiui  ial 
should  react  without  any  subsequent  side  reactions  sucdi  as  the  chelate  Icrma- 
tiuii  obtained  with  the  alixarin. 

54 
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TAUI.E  IX 


(U)  AhlZARlN 

DATA 

UTX 

6814 

Density 

g/i.C 

% 

Theoretical 

DenBity 

hihore  A 

M2 

LlL-28  A.  R.  ,  A.  R.  ingredient 

1.  3KH 

87.  5 

43 

1  10 

1JL.-28  UTC  AN,  A.  K.  ingredient 

1.  420 

b'h  5 

46 

130 

DL-28 

1.  SO 3 

■H.  7 

S2 

f  1%  alizarin,  A.  U.  ingruilinnt 

i3‘y 

13L-28  treated  with  alizarin  with 
exe.eaa  alizarin  removed  purilied 
ingredient 

1.  47(. 

0 1 .  0 

8  ) 

89 

DL-4bd,  A.  K.  iiig vo<lietit 

‘>2,  0 

n  1 

UL-4bH  f  r/o  alizarin,  gruinnl 

1 '<  mill,  A.  it  ingredient 

1.  40  i 

->4.  1 

Sb 

112 

13L,-4bl-  1  1%  alizarin  red  S, 
ground  lb  min  A.  H.  ingredient 

1.  SSS 

VH.  U 

lb 

loll 

1  lire 

(^'.)  'l'i>  ublitiii  llio  iiiaxiiiiuin  I'llm  la  ul  llic  nui  Imii'  1 1  i'mI iiu'ia  nlitilu'N, 

all  lhan«  vvAclioiiN  and  iiiixtiM  wui  p  i  vin  with  "a*  -  roi  «<i  vnU"  mu  >  r<l ii' iiIn  . 
Coitk|ja  I'iMuit  'lalcltan  <>(  110  and  aluiw*  llial  an  iiv  cnic-iit  ul  uiity  ■’.% 

ill  dciiMiiy  waa  ublaiiicd  by  Qi  ry  I  unlti  ilt;  liaaliiiji  ilic  blcitil  bll,  wluMtiua 
iiii|ii'(i vtiiiiunla  u|i  ti>  a  iii«Ktniuii>  ul  VH%  ul  thrurutu  al  dtnmiiy  wi<r«'  uliiuiiirii 
llii'uugh  lilt)  MlizMi'iii  aluditia.  l-'urthci'  Nludica  will,  <il  i.uui'Ht;  bi'  i  uiidi- 1  Uul 
lu  llkut'uuglily  ovaluala  Ilia  uac  ul  tlicao  iitgiuditiiit  a  mm  atabilixiiig  MguiilM,  .im 
well  AM  tliflii'  iiUuct  Uik  ilia  lung  - 1  «■  ri'.i  atalnlily  <11111  ag'n;;  «  liiirai  ttiiMlu  h  ul 
aluiniimiii  hydi  ide  iiruiiellunt . 

I,  5.  1.  4  l''i'oa'Kadii:al  liiliibiliun 

(C)  A  lliii  d  a|ii)i'uAi:li  lu  iinpruvainont  111  |>i  i>|ii:liant  duiiaily  wan  llu' 
unn  ul  Iree  radii-ul  iuhibilui  s  .  Oliii-MalhiuBvjii  and  Uuw  Clinnnit  ai  Cuin|>.niy 
liave  been  expei'iinenling  with  2-nir n  u|itoliiMi/.uthi<i/.i)lt'  (Mill')  iimi  pluinul- 
Ihiaziite  (I'l'A).  I'hoy  have  added  the  ahuve  unit e r lalv  ihu  iuM  iimi  alliT 
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forni4ti(.>ii  ui  aiuniinuni  hydrid«  and  propose  that  the  tollowing  M13T- 
Dowane  14S1  rcailions  oeeur: 


H.  'I'e  rm  mat  ion : 


(C)  The  to  rmtiiat  jon  roaotiuii  would  prevent  the  lurther  do  compos  itioii 
ui  a  Duwaiio  Hbl  pulyiiier  eliaiti  with  a  iiiiiuinunt  ui  hydro)(cm  jitaa  involved, 
ll  wav  aiM’i'u  l.il  rd  that  it  linn  iixH'haniMut  was  eurri'Ct,  thu  ai^iii)^  i:lia  raitoi'- 
ialicn  ot  alniiMikui))  hydi'ldc  propellant  <  ouUi  he  improved. 

(C)  'ruhlu  X  uummari^oK  the  i'xp<' ritii'  iilal  data  ot  both  PTA-  and 
Mll'l'-coalint  Uowaue  I4'j1  propellant,  'I'lio  lo«.l  <  with  lower  weight  coatings 
(l/Z%)  had  higher  duiu.'liuH  than  1%  eoatud  inaluri.il>..  li  thu  hydride  was 
ground  ami  troalud  h iinullaneuuMly,  marginal  or  no  density  improvements 
woiu  ihluintid.  Anolhur  p.iii  ot  this  study  was  to  add  MU'l'  direetly  to  thu 
hinder  innluad  ot  eviatnig  the  hyiirule.  Uateh  14  1  contains  added  M13T  and 
hail  h  1  il4  i:ontaiiiN  no  additional  mg rudiuntH .  AUnninuin  hydride  lot  DLi-4d<l 
was  acrylonitrile  tiuatud,  A  deliiiile  drop  in  «leiisity  (4%)  occurred  when 
Mli'i'  was  added  to  the  mix  containing  this  lot. 

(U)  Although  Nome  improvuiuenl  in  donsily  may  be  obtained  Iroin 
the  use  ot  die  two  Iruu-radical  inhibitors  tested,  their  use  in  all  the  projud- 
laiils  tusl.'d  resulted  ni  discoloration  and  poor  cui'us.  11  is  possible  tliat 
other  tree  ~  radical  inhibitors  may  be  luritd  that  will  give  .i  s  igniiii.  .ml 
imp r oveiiienl  to  the  stability  ot  the  prc.pellant  wit  hunt  altectiiig  the  prnjjellant 
cure. 

2.  b.  1.  h  Cure  Studies 

(U)  A  niiiior  pli.iHe  ot  (hin  study  was  to  e'.aluale  the  ellecl  ot  cure 
and  casting  i  onditions .  The  results  ot  air  curing  versus  nitiogen  cure  .old 
the  eflei't  ot  vihralion  loltov.ing  casting  are  shown  in  table  XI.  Curing  under 
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TABLE  X 


(U)  FREE-RADICAL  INHIBITOR  DATA 

% 


UTX 

68H 

Fornnulation  Variable 

Density 
g/  oc 

Theoretical 

Density 

142 

BL-28  A.  R.  ,  A.  R.  binder 

1.  388 

87.  5 

125 

1/2%  PTA  +EL  28  AR.  A.  R.  binder 

1.  46) 

92.  0 

126 

1%  PTA  +  BL  28  AR,  A.  R.  binder 

1.  4  20 

89.  5 

127 

1/2%  MET  +  BL  28  AR,  A.  R.  binder 

1. 472 

92.  7 

128 

1%  MET  +  BL  28  AR,  A.  R,  binder 

1.420 

89.  S 

89 

DL-458.  A.  R.  binder 

92 

133 

DL-458  i  1%  PTA  ground  15  min, 

A.  R.  binder 

1.  IHO 

Vi.  2 

134 

DL-458  V  1%  MBT  ground  15  min, 

A.  R.  binder 

1.  384 

87.  1 

137 

DL-458  +Sv.  dried  An,  ground  15  min 

A.  R.  binder 

1 . 464 

92.  2 

141 

DL-482,  MBT  added  to  purifii-<l  binder 
( 1%  of  binder) 

1. 4  95 

')4.  2 

124 

DL-482,  purified  binder,  control 

1.  568 

98.  8 

TABLE  Xi 

(U)  EFFECT  OF  PROCESSING  VARIABLES 

ON  PROPELLANT  DEN5IT  Y 

UTX 

11 

Cure 

Shore  Temperature 
Variable  A  days 

Dens  ity 
g/cc 

% 

Theoretical 

Density 

112 

All  ingredients 

purified  (control)  45  3 

1.52 

95.  6 

1 14A 

Air  cure,  purified 

ingredients  46  3 

1.  53 

96.  1 

114B 

cure,  purified 

ingredients  48  3 

1.58 

99.  4 

115A 

No  vibration,  purified 

ingredients  45  3 

1.  54 

96.  2 
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nitrogen  results  in  a  significan.  density  improvement.  The  data  shown  for 
batch  115B  are  questionable  as  the  sample  foamed  over  during  the  vacuum 
degassing  step. 

2.  2.  Testing  and  Evaluation 

2.5.  2.  1  Static  DT 'V  Experiment 

(U)  Three  micromotors  of  UTP  6814  composition  were  placed  in 
storage  at  50“  C  .it  relative  humidity  levels  of  0,  50,  and  90%,  respectively. 
There  was  no  thermal  event  recorded  up  to  1000  hr. 

(U)  The  static  OTA  experiment  is  designed  to  detect  any  thermal 
event  occurring  wh'-in  tin-  propellant  which  might  lead  to  spontaneous  cook- 
oll  in  stored  motors.  In  the  UTP  08 14  formulation,  such  an  event  would 
by  must  likely  to  be  caused  by  an  accumulation  of  oxides  of  nitrogen  pro¬ 
duced  ly  slow  decomposition  of  the  TMETN  plasticizer  in  the  binder. 

(U)  The  samples  tested  in  controlled  humidity  environments  were 
»uHp«miie»l  in  250-ml  Dewar  flasks  over  glycerine-water  solutions  of  appro¬ 
priate  compos  ition  to  give  the  desired  humidity  level  (7  1  wt  %  glycerine  for 
507g  velatlvii  burn,  29  wl  %  for  90%  relative  humidity*)-  The  sample  tested 
umler  am./drous  conditions  was  suspended  over  Drierite.  An  iron- Constantan 
tile  ri  locuujilc  w.is  imhedtlcd  in  each  sample,  and  the  temperatures  were  read 
daily  A  (ourth  lliennocouplc  was  inserted  in  an  empty  Dewar  flask  to  serve 
T  "e  1<;  r  ? nee . 

(II)  Tile  samples  were  store’  at  tempe ralureiii  ranging  from  50“  to 
’'5''  C  for  1000  ill-.  .Although,  de'erioration  ol  the  propellant  was  evident, 

'liu'O  was  no  tliermal  event  "ecorded. 

^^i)  Tlio  lat  k  ol  a  thermal  event  at  these  elevated  tempe- rat  ures  does 
10'  '  (jif.enl  .'.oiulusive  evidence  that  an  exuliierm  might  not  take  place  on 

.'oiigrr  1  Inwer  temperature,  since  the  visible  deterioration  at 

lur  l-iH.-''  tempe  I'l  ‘'ure  is  prcbably  due  to  decomposition  of  the  hydride. 

I'hlu  I  i.evsrne'it  v  1  be  repeatftd  at  C,  a  ti-niperalure  at  which  thi- 

I  v>li  I'-r  'vi’l  be  .  -ijle  lor  a  longer  period  oi  time. 

2.  2.  .1  I'.r.cct  ol  Web  Tb.ckness  on  Stability 

(U)  ■'  .  ..'1“-  ni  U1  P  bHl4  were  cast  in  gl.Tss  lu'  es  of  various  lengths 
and  stored  .<1  5l)“  C.  Vhe  experiment  did  not  yield  meaningful  data  because 
rapid  BW*-t)iug  oii.paniid  ny  bund  failure  ocean  ed  within  the  first  week, 
r.iis  t  \\  e'  ui-  -it  will  be  r.  ru  a  cd  at  .i  biwer  tempe- ature. 

li-  I'u.itn  u,  al  Ei-iiic.il  raotei.  Vol.  Ill 
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(U)  Glass  tubes  of  1-in.  ID  and  lengths  of  1/2,  1,  2,  and  3  in.  were 

cast  full  of  UTP  6814.  Preliminary  samples  cast  on  glass  slides  showed 
that  a  satisfactory  bond  was  formed  between  the  propellant  and  clean  glass. 
The  first  samples  ca.st  in  glass  tubes  were  stored  at  50“  C.  Decomposition 
was  rapid  at  this  temperature,  and  the  2-  and  3-in.  samples  showed  bond 
failure  due  to  excessive  swelling  within  I  wk.  This  experiment  is  being 
repeated  at  lower  temperatures. 

2.  5.  2.  3  Effect  of  Temperature  and  Humidity 

(U)  Samples  of  UTP  6014  in  the  form  of  2-in.  cubes  ere  being  stored 
at  various  temperatures  and  humidities.  The  cube  samples  presently  in 
storage  are  summarized  in  table  XII. 

(U)  These  samples  have  been  in  storage  1  wk  at  the  pri-sent  writing. 
Measurements  will  be  made  at  weekly  intervals. 


TABLE  Xll 

(U)  TWO-IN.  CUBE  SAMPLES  IN  STORAGE 


Relative 

Humidity 

% 

0 

50 

90 


25“  C 
3  cubes’’* 
2  cubes 
1  cube 


Teinpe  I'.itu  re 


35"  C 


3  cubi  s 


45’  O 


cubt  B' 


’■*  All  samples  over  *10%  density,  exi  i  pi  wIh'Ic  niarki'<l  (’")  In  incli'Mli' 
one  sample  over  H0%  tieiisity. 
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2.  6  IMPPOVEMENT  OF  PHYSJ.CAE  PROPERTIES 


(U)  The  objective  of  this  task  is  to  improve  the  mcchanicai  prop¬ 
erties  of  the  propellant  and  to  improve  the  stability  of  the  mechanical 
properties.  The  mechanical  properties  of  UTP  6814  developed  under  Con¬ 
tract  No.  AF  04(61 1)-9570  were  in  the  range  of  72-psi  maximum  load  and 
16.  5%  at  maximum  load.  The  objective  of  the  current  study  is  to  obtain 
measured  values  of  100 -psi  maximum  strttss  and  20%  strain  at  maximum 
stress. 


2.  6.  1  Evaluation  of  Curati''e  bystems 


(U]  In  the  previous  report  results  of  an  evaluation  ol  candidate  cura¬ 
tive  systems  witli  a  terminally  carboxyialed  polyester  (HX-7i5)  in  an  unlilled 
binder  system  were  presented.  In  addition,  data  were  preser.led  on  liiutruii 
testing  of  alununii^ed  propellants  niade  willi  those  curatives  considered 
most  promising  us  a  result  of  tlie  unfilled  binder  tests.  All  ul  the  curatives 
tested  were  trifunctional  inline  tvp<-  luateriais  which  were  tested  generally 
at  four  or  mure  ecfuivaltMil  ratio  levels  and  also  n;  :ombinalrun  witli  otltur 
curatives.  Those  materials  evaluated  were  NTElJ,  NTPIi,  UMAT,  NC  10. $4, 
NC  102OL.  MAM.  MAES,  HX-8ba.  UX-ab8.  IlX-aV4,  DGAP,  and  MAPO/ 
Epon  812,  It  was  concluded  that  none  «>t  the  curatives  evalualctl  were  as 
effective  as  the  MAPO/Epun  bl2  combinaiion.  The  best  iitecli-i'  •)!  prop 
urties  were  obtained  on  a  MAPO/ Epon  HI  2  cured  form  ilatiun,  X  7VU2. 

Crosshcad  data  obtained  on  spu<.  idumin  ol  tins  lorinulaliun  wei'  ^  >  02  psi 

and  Cjjj  =  2b%. 


(U)  It  has  been  found  that  caiciuiii  hydroxide  accolgrat<  "  cure  ul 
the  UTX  7'/02  binder.  A  scries  ol  mixes  were  made  to  dalei  i  the  ellei't 

of  the  iiddiiion  ol  caRruin  hydroxide  on  tin.  niuchaiiicul  prupei  ol  the 

pi'ojiellant.  A  suiiiinary  ul  these  data  is  piesuiiled  in  lablt*  XI  It  was 

found  that  0.  Ob  wl  %  calcium  hydruxide  gave  what  was  believt  lu  bs  a  satis - 
lactory  pot  lile  toi  casting.  Euadiiigs  in  uxenss  ol  this  amuuni  .idvsrsuly 
allected  the  pr'apellaiit  caslabilily.  Thu  data  show  that  iin|.iruved  tensile 
strength  occurs  with  the  use  of  calcium  hydruxide.  Wlion  loadings  in  uxiess 
C'l  U.  Ob  wl  %  are  used,  the  clung. ati<'"  of  the  propellant  is  alluclud  adversely. 


(U)  Nitrilolriethyl-/J  prupy luniiniiiubulryale  (N'l'PU)  was  losludmtwo 
aluminized  PEP-'lbb  propellant  torinulatiuiis  to  evaluate  the  elluct  ul  lint 
uiiiiic  curative  in  cumbmaliuii  with  MAPO  and  Epon  812.  Test  results  are 
presented  in  taole  Xlli.  Good  tensile  struiigte  and  cl<jitg.Miuii  values  were 
observed.  Since  previoun  lusts  have  siiuwti  cui  o  rcversi  in  when  N’l'PlI 
was  used  alone,  uddilioiial  UTX  7942  propellant  was  prepared  ior  accctci  - 
aled  aging  tests. 


4U 
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TAP.  1,1-:  XIII 


(c)  i  i-  i'i':f  r  vAUious 

PHOPL- 

'Jl'RATlVE.S  ON 

LEANr.S'- 

(  '  fcB  ri| 

.Si  ri-M  h  .ii 

r  ;i  d 

SOaiii  al 

ii'tiiulittiuii 

Cut'>ktivi..  aitd 

M.«  MtlHIIIl 

Maxiinuii) 

UTX 

V.1  lollf  B 

JJK  1 

% 

790^ 

MAl'O  (1.1) 

LIPON  H12  (0.  7) 

f.2 

21 

7'MH 

MM-'O  (1.1) 

ETON  H12  (0.  7) 

,  (1.  01  wt  % 

')7 

.:i 

794'i 

MAl’O  (1.1) 

»':fON  Hi.i  ((1.  /) 

1,:«(011)  ,  u.  0  71  wl  7« 

4a 

1  70 

4  ll 

7<t  <>) 

MAl’O  (1.1) 

(.;a(oii)  ,  0.  10  wi 

*« 

I  !’> 

17 

794: 

MAl’O  (1,1) 

El’UN  H12  (0.  7) 

N  i  l’ll  (0.  1) 

1  P' 

>  1 

794J 

MAl’O  (1,1) 

El ’ON  HU  (0.  V) 

N'l  I'll  (11.  '.) 

i'< 

.’.0 

7‘i  14 

IIX  H7  l  (1.4) 

!  1 

79  P) 

1 1 X  -  H  ,■  4  (1,1) 

■■  ; 

7 

79  If. 

IIX  H  M  (  1 . 01) 

l.l’of!  HI.;  (0.  !’>) 

'IM 

1 1 

79  17 

IIX  1174  (1.1  .1) 

El'DN  HU  (0.  W‘.) 

1 1 

10 

Hi.  07u  i’t:r  pi‘) 

Hi.  A1 

47,  S%  I  i)u  I  «<■  A  I '  (1  'M)  (i  ) 

^0.  ‘jy.  liiu!  Al’  {(..  ')  n) 
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(U)  I'orniuialiiJii  icwtu  w«!/e  niad?  with  a  propr it^lary  aairidine  curative 
(lIX-874)  uhlainotl  Irmn  ihA  Cciiipaiiv.  A  suiiiniary  ot  I'.lie  rkiechaiiical  prop¬ 
erty  data  in  prenviitod  m  tabli!  Xlll.  The  addition  ot  L|.>on  Hli!  to  the  cure 
aystei.i  dit'  improve  the  tensile  properties.  However,  the  tested  lurniula- 
liotiB  did  not  ^ive  (*;piivalrnt  elonj^ation  values  observed  in  other  propellant 
ny  slen;>». 


|U}  Anotiier  recently  aiipiirrd  iiirative  (  TUM)  is  a  trilunctioiial 
aaiiidino,  t  rii>  -  ( /1-uthy  laa  tr  idiiiy  -tr  laatno.  This  curative  was  tested  by 
itseil  ami  alsi'  in  blends  with  other  t  urutives.  A  uuinniar/  ol  liiese  tests 
is  presented  in  (able  XIV.  The  use  ol  TLiM  in  i  onibiiiatiun  with  MAFO  and 
Li()on  K  > renuitu  in  an  apparent  iiiipi  ovemcint  in  mechanical  proiiertics. 

I'licse  pi  iiperlles  shnuUI  be  anienabli'  to  lartber  iiiiproveiii'^nt  by  upliiiiizing 
curative  ratios.  I-'nrtlionnoi't>,  lined  sampli'S  ol  Ul’X  7SVH  and  UTX  VH'/'l 
have  bean  st.i'  ed  10  wk  at  KiO”  I'  ami  no  revcM  sioii  lias  biien  obsoi  viol. 

(U)  A  icviow  ol  the  data  has  been  made  on  all  ot  iliu  pi  ope  Hants 
piroiessed  v/.'.th  the  new  luiatives  used  in  lliu  lurieiit  proKi  iuii.  The  best 
inei  liiiiiii  al  piopcrlics  liave  been  lioiii  HTX  7V0d,  UTX  Tf’ii,  ami  UTX 
The  loi  mulatio'is  are  hased  on  llu*  iollowiiip  t  on  itioiis  ol  luratives, 
MAb't.}/ kipxn,  MAl’0/h,(iiin/NTl''ll,  .iiui  MAl't)/k.poii/ TllM.  The  i  uraiive 
syiiiiiin  are  bein|t  testinl  ( o  del  e  i  imii<>  stoiai^e  sl.ibillly.  ThoS'  loriinilat  ions 
were  tested  at  tlie  einl  ol  1  wk  i  me  at  1  <10  *  k'  anil  then  stored  at  I'll)*  k'. 

The  signed  prupeUaiil  is  beinit  saiiipli'd  at  wnnkly  Iniiii'vals  lor  stress  amJ 
<11 1  H  In  p  I  ope  I  t  leH  , 

(C)  Sim  e  ihui  e  wi'le  some  diileitmies  in  Ihii  voluiiio  |>ei'ii'iil  binder 
uied  ill  tile  pielmiiiiaiy  piopelluiil  tests  the  binder  i  ontaiit  was  adjusted  to 
lid  vul  %  tor  ali  ol  tlie  p  i  opr  I  Imit  sloiage  spvi  imens.  The  adjusted  toiinu  - 
Aalloiis  aie  ideiililled  by  tin  lies  Ignat  ions  U'l'X  7700,  U  1  X  7/01,  and  UTX  f'lilt,, 
V'TeSo  loi  iiuilalloiis  a  I  e  smiilsr  to  UTX  7744,  UTX  7704,  and  UTX  7'>74. 

T'cb.  s  XV  piiiseiils  ibe  tin  ee  iiu mulations  that  are  in  the  aiielei  alod  aging 
p'-ograiii  and  llte  ineihaniiul  pi  iijni  1 1  les  available  at  this  liiiiu.  T'liesn  aio 
ala '1  niiisr.  d  p  I  ope  I  lanl  N  .  k  ollowiiig  initial  evaluation  in  the  I'kil'-Al  system, 
lliiillsd  uvahiMlluii  oi  I'UM  III  sn  ulnmlnuiii  hydride  system)  was  inllialoil. 

Thi'i't  ilata  ale  pieseiiled  In  table  XVI.  T'lopi-llanl  UTX  tiH  H  essentially 
I  tipi  nseiil  s  wlial  will  piohably  b«i  the  tliial  piopullaiil  Soicitioii  lor  this  pi  o - 
gram  <i'  (■.'iiiiH  III  total  solids  loading  ami  in  termu  ol  pl.istliisei  level  in 
(he  b  iidui.  Muasnieil  values  ot  -  104  ps  i  anil  ..  (i.  H%  indicate 

that  (jit/iiii  lailoi  lug  <>l  the  iiiiative  system  and  peihaps  the  polymer  is 
roipii  •••d. 
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TAHLK  XIV 


(C)  EFFECT  OF  TEM  AND  MIXTURES  UPON  MECHANICAL 
PROPERTIES  OF  PEP- 150  PROPELLANT*  (CoHtimird) 


CrottslioacI 

I;'unnulivt 

UTX 

Curative-  •11x1 
EquivaliMilB 

.StrciiB  at 

Maximum 

l>ui 

Strain  at 

Maximum 

% 

75‘>2 

TUM  (0.  7) 

MAPO  (0.  '.) 

EPUN  H  12  (0.  7) 

«3 

4  1 

75<y.l 

TllM  (0.  (i) 

M.'.PO  (0,  (>) 

EPllN  K12  (0.  7) 

4V 

4b 

Vb'M 

THM  (0  H) 

MAPO  \0.  4) 

EPON  H  12  (U.  7) 

7i) 

12 

VbV‘> 

THM  (0.  V) 

MAPO  (0.  1) 

EPON  H  12  <0.  7) 

7H 

1  1 

1  5  VO 

THM  (0.  S) 

MA1'0(»  0) 

EPON  H12  (0.  V) 

VV 

IV 

75 

THM  (1.  b) 

El-'uN  '112  (0.  *1) 

lOV 

1  1 

/b  Rl 

')  HM  (1.  /',) 

EPON  H12  (0.  2b) 

1  12 

1  1 

V'.VV 

THM  (i.  P'l 

EPON  hl2  (0.  Tb) 

vtl 

PI 

H2U0 

THM  (1.  >0) 

EPON  H12  (0.  7'>) 

IPI 

1  1 

H2U1 

HIM  ( 1.  oO) 

EPON  H12  (0,  7b) 

114 

12 

*  V  U  t  Ikiulull  lilt  ■ 

.15%  IHitUuk 


!  i,,  S%  i'l.'lyiljrl 

IZ.  5%  TME  TN 


21%  A1 

i2.  ■!  Cui« I'itti  AP(l‘R)|k) 
21.  u  1-  iiiu  Al'  (0.  5  ) 
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TAIU.K  XV 

(C)  EVALUATION  OF  PROSPECTIVE  IMPROVED  PEP- I'll)  RINUEKS 


UTX  7700 

UTX  770  1 

UTX  770J 

Material 

Einiiv.ili'iit 

I'lqui  vali'n< 

W(  % 

UX-735 

1.  0 

1.  0 

1.0' 

MAPO 

0.  S 

1.  S 

1. 

H.  HO 

TUM 

0.  7 

- 

EPON  HI.; 

0.  V 

0.  7 

0.  7 

NTPP 

- 

0.  1  . 

TMETN 

H.  HO 

Ahinttiiuii' 

II..  00 

AP  («"  l  i-t  t’ivril) 

4‘).  VH 

AP  (t'li'uiiii'i) 

P>.  (i/ 

liilliyl  Coitli'alili' 

1 . 00 

1  'I'lijii' lUuil  1  <1 1  imI 

!  il.iya  at  1 .10 

*  1 

Stifiih  At  MaHkiniii  1,  jiat 

StuiA^r,  wk. 

at  l-Jl)  !• 

t) 

4  t 

til 

H') 

1 

')! 

1 K 

1H(> 

i 

H4 

» •)'. 

StvaiuAt  Mariii  liiUj  7" 

Stui'AU*’,  wU 

at  '4£’  JF 

1) 

»/ 

1 1 

17 

1 

IH 

PI 

1  •) 


PI 
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Z,  (j.  Z  New  Polymoiii 

(U)  Two  new  polymers  have  been  tfsted  as  prospiM  I  i  ve  replat  oinetits 
lui  Ihc  t^urrently  used  HX-7i5.  Thesi*  polyniei's  arc  bring  iiBeil  in  an  ollori 
to  improve  the  prupellanl  nicv  haiiit  al  pi  opc' rlwii. 

ni)  Until  tl'c  polymer w  are  ueojn'iilyl  glyi  ul  aicelau  ai  ill  pnlyewtere 
supplied  by  liinnry  Lndusirics.  I'he  tirst  ol  tlioio  is  iileiil  ilic'd  as 
Kincry  ICi!fi-V’'K  siid  lias  a  mulci.idar  weight  ol  I'he  second  is 

Emory  l0il!j-*i4-K  whirli  i.as  a  molecular  weight  ol  Z't'iO.  Table  XVII  pri  - 
Bcnls  a  sumiiiury  u(  (he  loriiuilat inns  (esled  and  the  ipsulling  inechaiiical 
propert.os.  Eac  h  oi  the  polymei  s  apjieai'B  to  show  some  iinpi'iivemenls  in 
the  in ecdiaiiical  properties,  I'hc  unproved  oloiigatinn  ol  Ihc  high  molecular 
weight  polymer  (Emery  lUb!)'-V4~U)  and  the  good  (onailr  strength  ol  tlm  low 
nu>l«i:ul->r  weight  polymer  (Enieiy  tU^b-V-K)  ollei  a  method  ol  mechanical 
prciperly  tailoring  by  blending  the  two  polynn'i  s.  I'ropellant  mixes  have 
been  iiiadu  to  evaluate  the  elluc.(  ol  blending  the  two  Emery  polymers. 

(i.  1  Ellec  I  ol  I’cilyiin'i'  Tiealmeiil  on  Mi'c  hanic  al  1  ’rope  riles 

(U)  The  llX-VJ'i  polymer  used  m  the  I’l'il*  pro|M  Haul  liindrr  uystem 
is  Iroctnently  t  'cated  in  a  molecular  still  lor  the  porposo  o|  lemoving 
moisture  and  other  low  niolec  ulai  t/elghl  inalei  tals  whn  h  might  prove  to 
be  reactive  with  ahiii'inum  hydride.  It  has  been  observed  that  ai<  a  resnll 
ol  this  uprialion  tlie  ectnivalent  weigbl  ol  lbc>  polynn  i  is  usually  i.cised 
about  I  s  nd  pby  s  Ic  a  1  |iiopiMliea  a  i  e  c  oiis  ule  i  ubi  y  impiovod, 

(U)  A  sumiuary  ol  Ibe  ollec  t  ol  opei  al.ug  v«i  tables  involved  in  ope  i  a 
lion  ol  the  molevulai  still  on  IIX  i*)  equivalent  weigbl  is  shown  in  table  XVlll. 
Tb^  ellec  I  ''m  physical  piopmlies  ol  piopell.cnl  imnle  Iroio  polymei  Subjected 
Icj  tile  variations  in  ireaimr.ot  ts  shown  In  table  XlX.  An  iiu  losse  In  tensile 
and  bbore  A  b<  dness  was  obtained  wilb  the  bigbei  polity  polymei.  Undonbl 
eUly  Some  ot  ibis  iuc.reasr  ts  clue  to  the  Inc  leased  dmisily  ol  the  p  rope  I  la  i  it . 

(li)  Tliu  ulleel  cil  adding  liac  k  the  d/.elnl(  ni  id  Ui  the  all  Ippc  d  IIX  is 
shown  in  mix  tM'X  liHti!-<t.  A  doc  lease  in  deiisily  was  obtained  indicating 
an  intniac  Hull  liolween  the  aUiiiitnum  liydrule  and  the  ar.elali  Ac  i  I. 

i,  <1,  4  Ellec  (  ol  TMliil'N  icoadlllg  on  I  ’l  ope  I  hint  Me  c  lictiUi  al  1 'rope  riles 

(U|  A  soiles  ol  iiiixes  was  tcaled  tor  the  inirpose  ol  evuluiting  the 
vcioc  i  oi  TlviEl'N  levoi  in  liiv  binder  on  propellant  iiirc  liaim  al  pi  opi  rites. 

I'he  results  ot  these  tests  are  preHeiiled  m  lahhi  XX  and  in  tiguie  14. 

It  IS  appaieiit  that  propellant  stiuas  values  are  ipiiti  HenaitlVc'  to  pbc  s  1 1 1  i /.  r  i 
level  whereas  the  liic.ieaso  cii  slraiii  capabiluy  with  increasing  plasi  u  i/.ei 

CONFIDENTIAL 


(C)  EFFECT  OF  F'OEYMER  TREATMENT 


CONFIDENTIAL 


t 

TA1U.E  XX  i 


(t-) 

El''I-'EC:'r  OK  TME'l'N 

ON  PEP  PROPELLAN  T 

MECHANICAL 

PROPERTIES 

1 

Stress  at 

Str.iin  at 

i 

F  ormulation 

'l-ME'I'N 

Maximum 

Max  imum 

UTX 

wt  % 

ps  i 

% 

7703 

0 

194 

16 

1 

7704 

U) 

165 

14 

V 

• 

7705 

20 

IS  1 

18 

■ 

; 

7706 

M) 

1  M 

19 

7707 

10 

97 

19 

7701 

SO 

86 

22 

• 

FurnMilation 

Mate  I'ial 

HX-73S 
MAPO 
EPON  "  12 
TMETN 
Aluminum 
A  P  (a.s  re  reived) 

AP  (ground) 

Fitliyl  Centralite 


Equivalent  Wt  % 

1 .  0 
1.  S 

17.00 

0.  V 

As  noted 

16.  00 
•15.  78 
Id.  6  2 

1.  00 


CONFIDENTIAL 


contcni  ib  iTiinimal.  It  i'S  bucjuse  of  this  effect  that  the  plastic  izer  levc'l  if: 
1)eing  Miaintained  at  50%  rather  thaij  being  irn  leased  to  55  or  h0%  to  gain 
modest  performance  increase. 

2.  b.  5  Line  r  Evaluation 

(U)  rhe  liner  development  and  improvement  progr.am  has  been  based 
on  the  results  of  bintler  tifsls  used  in  the  propellant  evaluations.  Ten  basic 
formulations  were  chosen  as  prosptu  tive  candidates.  Each  was  mixed  with 
carbon  black  (Elttex-5)  and  wollastonite  (Cab-O-Lite)  as  filb  i  s.  Small  cup 
sairi[iU‘s  Were  prepared  and  cured  )6  hr  at  140°  E.  Propellant  UTX  7702 
was  cast  ovifr  the  liner  and  cured  168  hr  at  120°  E.  Qualitative  analysis  of 
the  interfacial  bond  sliowed  E200-36-4,  L200-38-10,  and  L200-41-1  liners 
to  be  thi'  best  of  the  series.  Shear  tests  are  now  being  nrepared  to  evaluate 
each  of  these  liners  with  UTX  7700,  U'l’X  770  1,  and  UTX  7702.  Quantitative 
data  will  be  available  from  these  tests. 
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III.  FUTURE  WORK 


(C)  The  most  promising  formiilation.s  in  the  PEP  - 1  50/ AIH3/ AP  system 
at  23  vol  %  binder  will  be  scaled  up  to  10-lb  motors  i  nd  tested  to  obtain 
maximum  delivered  specific  i»v.pulse.  The  compound  BTTN  will  be  scaled 
up  to  10-lb  njotor  testing  if  laboratory -scale  evaluation  indicates  that  such 
scale-up  is  warranted, 

(C)  Both  formulations  from  the  mixed  aluminum/ aluminum  hydride  series 
will  be  tested  in  10-lb  motors  for  final  evaluatioa. 

(U)  Burning  rate  studies  currently  in  progress  on  the  micromotor  scale 
will  bo  completec  and  promising  formulations  will  he  evaluated  through  the 
10 -lb  motor  scale  during  the  next  quarter. 

(C)  f  tudies  to  reduce  th«.^  hazards  of  static  discharge  during  handling  of 
aluminum  hydride  and  uncured  propellants  should  be  completed.  In  addi¬ 
tion,  a  study  to  determine  the  effect  of  formulation  parameters  on  impact 
sensitivity  of  uncured  propellants  will  Ije  completed. 

(C)  Studies  to  improve  the  aging  and  temperature  limil.s  of  aluniimun 
hydride  propellants  will  emphasize  evaluation  ot  several  promising 
aluminum  hydride  treatments  in  2-in.  cubes  and  Taliani  tests. 

(U)  The  evaluation  of  reactive  curativ»^  systems  and  of  variations  in 
polymer  molecular  weights  will  be  completed  early  in  the  next  quarter. 

An  improved  liner  system  will  also  be  evaluated. 

(U)  Activities  on  Phase  II,  to  characterize  an  itnproved  propellant  formu¬ 
lation,  will  begin  on  about  1  December  Df65. 
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tion,  and  AP  particle  size  distribution  were  the  most  critical  parameters.  Binder 
concentration  and  plasticizer  level  were  found  to  be  less  significant 


ind  a  theoretical  density  of  0.  0627  Ib/in.  ^ 


J 


DD 


1473 


63 


CONFIDENTIAL 


Security  Classification 


CONFIDENTIAL 

Security  Classification 


KEY  WORDS 


LINK  A 


Advanced  Solid  Propellant. 


Dowanc  1451 


INSTRUCTIONS 


1.  ORIGINATING  ACTIVITY;  Enter  the  numc  and  address 
of  the  contryctor,  subcontractor.  iirantee«  Department  of  De* 
fcnse  activity  or  other  ur^a.^izatlon  (corporate  author)  isaulns 
the  report. 

2«.  KEPOK  r  SECURITY  CLASSIKICATION:  Enter  the  over¬ 
all  secunty  classification  of  the  report*  Indicate  whether 
**Hestrtct«d  Data"  is  included.  Marking  Is  to  be  in  accord* 
ance  with  appropriate  security  re^uiutions. 

2b.  OROUP;  Automatic  downgradinif  is  specified  in  DoD  Di* 
lectlve  5  20U.  10  and  Armed  Forces  Industrial  Manual.  Enter 
the  group  number.  Also,  when  applicable,  show  that  optional 
matkingb  liyvc  been  used  for  Group  .1  and  Group  4  us  author* 
ized. 

3.  REPORT  TITLE:  Enter  the  complete  report  title  in  all 
capital  letters.  Titles  in  all  cases  should  be  unclHssitied. 

If  a  tnoaiurigfui  title  cannot  be  sele^'led  without  dassitica* 
tioii.  show  title  classification  in  all  capitals  in  parenthosis 
Immediately  toilowing  the  title. 

4.  DESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of 
report,  e.g,,  inleri.'n,  progress,  summary,  annual,  or  flnalr 
Give  liie  inclusive  dafcb  when  a  specldc  reporting  period  Is 
CO  vvf  ed. 

h,  AllTllOktS):  Enter  ^he  itume(s)  of  author^s)  as  shown  on 
oi  tn  thk.  EiUcm  last  name,  first  name,  middle  initl  <l» 

ir  'miliary,  «ihow  rank  and  branch  of  aervice.  The  name  ot 
the  pnm  ip.il  ..  ithor  is  an  'hsolute  minimum  recialrement. 

0.  Kl  DATL:  Enter  the  date  of  the  report  as  day. 

munt'.i,  year,  or  month,  year.  If  tno'c  than  one  date  appears 
on  the  rnpoit,  use  dstc  of  publication. 

7a.  TOTAL  NUMBER  OF  PAGES:  Ti>  total  page  count 
should  fidluw  normal  pagination  procedures,  t>e.,  enter  the 
number  n|  pages  containing  information. 

76.  NtiMHER  OI  REFERENCES:  Enter  the  total  number  of 
rcf'Tt  lu  vw  i'ilvd  ill  the  report. 

Ka  CON1  RACT  OK  GRANT  NUMBER:  If  appropriate,  entar 
'he  appheubie  number  of  the  contract  or  grant  under  which 
the  report  was  writteis 

ttb,  d'.  Ck  dii.  PROJECT  NUMBER:  Entar  the  appropriate 
military  department  identification,  such  as  project  number, 
subproject  number,  system  i  umbers,  task  number,  etc. 

9e.  OLIGINATOK'S  REPORT  NUMBER(S):  Enter  the  offi¬ 
cial  report  number  by  which  the  document  will  bo  identified 
and  controlled  by  the  originating  uctlvity.  This  number  must 
be  unique  to  Mils  report. 

Qb.  OTHER  REPORT  NUMbER(S):  If  the  report  has  been 
assigned  any  other  leport  numbers  ( either  by  the  originator 
or  by  the  sponsor),  also  er«ter  this  numberls). 


Impc '•ed  by  security  clyaaiflcation,  using  standard  statements 
such  as: 

(1)  "Qualified  requesters  may  obtain  copies  of  this 
toport  from  DDC. " 

(2)  "Foreign  announcement  and  dissemination  oi  this 
report  by  DDC  is  not  authorized." 

(■))  S.  Government  agencies  may  obtain  copies  of 

this  report  directly  from  DDC.  Other  qualified  DDC 
users  ahsll  request  through 


(4)  "U.  S.  military  agencies  may  obtain  copies  of  this 

report  directly  from  DDC.  Other  qualified  users 
shall  request  through 


(b)  "All  distribution  of  this  report  is  controlled.  Quul* 
ifled  DDC  users  shall  request  through 


If  the  rep^n  nas  been  furnished  to  the  Office  of  ’’  .-cluiLcal 
Services,  Department  of  Commerce,  for  sale  to  the  \  dir,  indi* 
cate  this  fact  and  enter  the  price,  if  known. 

ll.  SUPPLEMENTARY  NOTES:  Uae  fur  additional  explana¬ 
tory  notes. 

X2.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  (pay¬ 
ing  for)  the  research  and  development.  Include  address. 

13.  ABSTRACT*  Enter  an  abstract  giving  a  brief  and  factual 
summary  of  the  document  indicative  of  the  report,  even  thuugh 
it  may  also  aopear  a^sewhsre  in  the  body  of  the  technical  re¬ 
port.  If  additional  space  is  required,  a  continuation  sheet  shall 
be  attached. 

It  is  highly  desirable  that  the  abstract  of  classified  reports 
i>e  unclsBSified.  Each  paragraph  of  the  abstract  shall  end  with 
an  indication  of  thf  military  security  classification  of  iht  in 
formation  in  thn  paragraph,  represented  as  frs.',  f:»;.  (C).  or  (U). 

There  is  no  limitation  on  the  length  of  the  abstract.  How¬ 
ever,  the  suggestnd  length  is  from  ISO  to  225  words. 

14.  KEY  WORDS:  Key  voids  are  technically  meaningful  terms 
or  hort  phrases  that  characterize  a  report  and  may  ho  used  sa 
inuex  entries  for  cataloging  the  report.  Key  words  must  be 
ttolected  so  Uist  no  security  classification  is  required.  Identi- 
flera.  such  as  equipment  model  designation,  trade  name,  military 
project  code  name,  geographic  location,  may  be  used  as  key 
words  but  will  be  followed  by  an  indication  of  technical  con¬ 
text.  The  assigiiment  of  links,  rules,  and  weights  is  optional. 


10.  AVAILABILITY/LIMITATION  NOTICES:  Enter  any  Un>- 
itatiutis  on  further  dissemineiiun  of  tlie  report,  other  than  thuae 


CONFIDENTIAL. 

Security  Classification 


CONFIDENTIAL 


13.  Atstract 

(C)  Efforts  to  minimize  the  handling  hazards  of  aluminum  hydride  by 
increasing  the  electrical  conductivity  of  the  particles  have  been  partially 
successful,  A  1%  coating  of  an  antistatic  agent  reduced  the  electrical 
resistance  of  a  1  in.  by  1  in.  by  1  /  4  in.  bed  of  particle  s  from  1000  megohms 
for  uncoated  hydride  to  to  70  megohms  for  the  treated  material. 

(C)  Propellant  density  studies  indicate  that  in  addition  to  the  extensive 
drying  of  ingredients,  p  'opjliant  density  can  also  be  increased  by  sus¬ 
tained  vibration  and  vacuu'n  applied  to  the  cast  propellant.  Surface  treat¬ 
ment  of  the  aluminum  hydride  with  quinones,  alizarin,  or  alizarin  red  S 
results  in  substantial  improvements  in  propellant  density.  Testing  with 
free -radical  inhibitors  has  resulted  in  no  noticeable  improvements  in 
propellant  densities. 

(U)  The  most  promising  curative  systems  evaluated  to  date  are  MAPO/ 
Epon  812,  MAPO/NTPB/Epon  812,  and  MAPO/TBM/Epon  8  12.  Propel¬ 
lants  containing  these  curative  systems  are  in  accelerated  storage.  Poly¬ 
esters  of  increased  molecular  weight  have  been  tested  and  appear  to  yield 
improved  mechanical  properties.  Utilization  of  a  molecular  still  for 
stripping  moisture  and  light  ends  from  the  HX  l'i?>  polymer  also  results 
in  some  improvement  in  mechanical  properties. 
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